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Arnold Theilcr died on the 24th July, 1936. 

With his death closes a chapter in the history of veterinary 
science. 

When Theiler came to South Africa in 1891 very little was 
known about the veterinary problems peculiar to the sub-continent. 
Tropical veterinary science was a subject as yet unborn. During 
the years which followed, Theiler, more than any other, helped to 
establish this branch of science and to create order where formerly 
there had been chaos. And before he died the majority of the 
problems which he encountered or formulated had, in the main, 
been solved; on others much light had been shed; to the solution 
or elucidation of almost all of them Theiler had contributed. 

His publications cover wellnigh every field of veterinary science. 
In the early years he investigated rinderpest, lungsickness, horse- 
sickness, nagana, equine piroplasmosis, and several other epizootic 
diseases of South African stock. 

Then, after the Anglo-Boer war, he settled down in his labora¬ 
tory at Daspoort; and the series of Annual Reports of the Govern¬ 
ment Veterinary Bacteriologist (1903-1910) published during those 
years bear testimony to his incredible capacity for work, his versa¬ 
tility and thoroughness, and his complete mastery of all the major 
veterinary problems of South Africa. 

Thereafter, with his headquarters in the more spacious and 
well-equipped laboratories at Onderstepoort, the majority of his 
publications appeared in the fourteen voluminous Annual Reports 
of the Director of Veterinary Research (1911-1928). Here, again, 
the wealth of information contained in his scientific articles fills us 
with wonder and humility. 

Even after his retiral from office in 1927, and indeed until his 
death, he continued his studies with unabated enthusiasm and 
brilliance, adding monumental contributions to the solution of the 
problem presented by the hitherto obscure group of osteodystrophic 
diseases. 

Theiler’s publications will for ever stand as a monument to the 
memory of a great man of science. His passing has cast a gloom 
over the Institute which he founded; but his spirit lives in the 
hearts and minds of those who had the privilege to know him and to 
work with him, and it is their ambition to emulate his high example. 

The Onderstepoort Journal of Veterinary Science and Animal 
Industry is the continuation of the two series of Annual Reports 
which have been mentioned. May it follow in the paths trodden by 
Theiler and strive to uphold the lofty tradition which his labours 
have established. 


P. J. DU TOIT. 



Sir Arnold Theiler, K.C.M.G. 
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Studies on the Neurotropic Virus of Horse- 

sickness V. 


The Antigenic Response of Horses to Simul¬ 
taneous Trivalent Immunization. 


By R. A. ALEXANDER, Section of Protozoolog:y and 
Virus Diseases, Ondersiepoort. 


Jr has been shown previously that there exists a plurality of 
anti^enically diHereiit strains of horsesic kness virus. Consideraiion 
of this important fact, in the lig’ht of results obtained with the neuro- 
tropic virus vaccine both in the laboratory and in the held during’ the 
season 1934-35, has shown that the problem of immunization has 
become one of the development of complete polyvalent immunity. 
On purely theoretical grounds it is reasonalde to believe that this 
might be accomplished most satisfactorily by a series of injections 
each of which comprised a certain infecting dose of a different virus 
strain, but the practical difficulties attached to su(*h a procedure are 
so vast that it is essential to limit the number of injections to a 
minimum. If possible immunization should be confined to a single 
subcutaneous injection of a mixture of the diff'eient strains. This is 
the procedure which has been adopted but it is necessary to record 
the antigenic* response in horses as determined by in vitro serum 
neutralization tests and by in vivo immunity tcvsts. 


From time to time during the course of routine vaccine produc¬ 
tion by the method described (this journal) horses were injected 
with material taken at random from cold storage and kept at room 
temperature (±80° F.) for periods up to 14 days so as to ap])roximate 
the conditions under w’hich immunization w^as. carried out in the field. 
Details of 5 such injections are the following: — 


2/8/34. Horse 20987. 
2/8/34. Horse 20991. 
3/10/34. Horse 20985. 
3/10/34. Horsp 20968. 
22/11/34. Horse 20941. 


10 cc. subcutaneously vaccine batcli 8 prepared 
24/7/34. 

10 cc. subcutaneously vaccine batch 10 prepared 
1/8/34. 

10 cc. subcutaneously vaccine batcli 24 prepared 
27/9/34. 

10 cc. subcutaneously vaccine batcli 27 prepared 
3/10/34. 

10 cc. subcutaneously vaccine batch 40 prepared 
20/10/34. 
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STUDIES ON THE NEUROTItOPIC VIRUS OP HORSESICKNESS. 


Each of the aniinals showed the anticipated mild febrile reaction 
to the vaccine and until required for bleeding were stabled in company 
with a number of susceptible horses, exercise being restricted to 
running in a bare dry paddock from 10 a.m. to 3 p.m. each day. 
During this period no cases of natural horsesickness occurred in the 
stables so that it is believed that between the time of injection and 
the time blood was tapped for the collection of serum the horses were 
nol exposed to natural infection. 

Since il has been shown that the antibody content of serum 
reaches a maximum approximate!0 months after the immunizing 
injection, neutralization tests were conducted with serum collected 
at this stage using the intra-cerebral protection test in mice as 
described previously (Alexander, 1935). The results are given in 
tabular form in Tables I, 11 and 111 on pages 11-13. 

It will be noticed that unit volume of the serum dilutions were 
lequired to neutralize ±100 minimal infective doses of virus strain 
449 but only ±50 M.I.D. of strains 0 and 404 B. In the tables no 
adjustment has been made as compensation for this slight variation 
in titre of the antigens since the results are so clear that this was 
considered both unnecessary and undesirable. 

Consideration of the tables showvS that each of the 5 horses 
develo])ed antibodies against each of the three virus vstrains. There 
was some slight variation in the respective tit res notably in the 
case of horse 20987 whose serum neutralized 449 virus only to a titre 
of 7ifi ill ft*? cf horsesickness even this low titre indicates 
that a solid immunitv has been induced. The significan(*e of these 
results will be<‘ome clear if the tables are read in (‘onjunction with 
those indicating the antigenic diffrences of the virus strains published 
previously (Alexander, 1935, pp. 309-371). 

After the completion of the experiment the 5 horses used were 
exposed to natural horsesickness on the farm Kaalplaas which is 
notorious as a bad horsesickness farm. Throughout the season they 
remained in perfect health. 

To confirm the results of this experiment by direct immunity 
test 8 other horses were immunized in a similar manner. Four weeks 
after immunization they were divided into 3 groups; group 1 (3 
hoFvses) received 10 cc. of virulent O virus intravenously; group 2 
(3 horses) received 10 (*c. of virulent 449 virus; group 3 (2 horses) 
received 10 cc. intravenously of a mixture of strains 0 and 449. 
There were no reactions. The virulence of the strains used for the 
immunity test was demonstrated subsequently by routine passage 
through susceptible horses all of which died. Unfortunately it w’as 
not possible to carry out an immunity test against strain 464 as this 
strain in its virulent form has been lost. 
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Antigen Dilutions. 


H. A. ALEXANDER 
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Tahle II .—Xcutnilization of Virus Strain O. 
Antigen Titration. 
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Antigen Dilutions. 


rt. A. ALEXANBEn 
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Note. —Cone, of Antigen = Serum saline dilution of stock emulsion. 

In the tables the numbers indicate the day after injection on which the mice died. 

O = Survival for more than 9 days. 

X = Death due to some cause other than horsesickness encephalitis usually' injury at time of injection 

Thus, 450x means of 4 mice injected 1 died day 4, 1 died day 5, 1 died as a direct result of injection and 1 survived 














STUDIES ON THE NEUEOTROPIC VIKUS OF HORSESICKNESS. 


Discussion. 

It in not possible to g’eneralize from the results obtained from so 
small a number of animals but it would appear that the simultaneous 
iuje(dj*on of 8 different strains of neiirotropic attenuated virus results 
in the prodiiciion of a solid immunity against eacdi. In other words, 
there is no antagonistic action of one strain against another. This 
finding is the justification for issuing a vaccine which consists merely 
of a mixture of the different available strains diluted in smdi a way 
that the final product will contain not less than 100 infecting doses 
of each strain per dose of vaccin-e, and obviates the necessity of 
repeated injections in the field. Whether there will be a similar 
antigenic response when a greater number than 3 strains are included 
is a point which is being investigated at the moment and will be 
reported in due (*ourse. 


SUMMAItY. 

By in vitro and in vivo methods it has been shown ihai the 
simultaneous injection of 3 strains of neurotropic* horsesickness virus 
results in the produc tion of a solid immunity against eacdi. 


RRFEHENCK. 

ALEXANDER, R. A. (1935). Studies on the Neurc>tropir Virus ot Horse¬ 
sickness 111. The Intracerebral Protection Test and its Application to 
tlie Study of Immunity. OnderstvptMrt J, of Vet. Sci. and An IncL^ 
Vol. 4, No. 2, pp. 349-377. 
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Horsesickness: Immunization of Horses and 
Mules in the Field during the Season 1934> 
1935 with a Description of the Technique 
of Preparation of Polyvalent Mouse Neuro¬ 
tropic Vaccine. 

By B. A. ALEXANDER, W. O. NEITZ and P. J. DU TOJT, 
Section of Protozoology and Virus Diseases, Onderstepoorf. 


liKCoCrNiTioN of the aitemiatioii which accompanies neuroiropic 
fixation of horsesi(*kness virus strains in mice and guinea pig*s 
(Alexander, 1933), has led to the development of a new method of 
immunization of horses and mules. The decision to introduc’e this 
method into general practice was. taken after consideration of the 
promising results obtained under laboratory conditions (Alexander 
and Du Toit, 1934), and under field conditions on a small s(*ale 
(Alexander and Van der Vijver, 1935). Dp to the present time no 
detailed publication of the results obtained from the use of the 
(‘ommercial vaccine on large numbers of animals has a])peared so that 
a x’eview of the position after the horsesickness season 1934-35 will 
remedy this deficiency. 

l^he results are being considered sepaiately under Iwo different 
headings, viz. : — 

A. Immunization of remounts of the South African l^olice. 

B. Immunization of other horses and mules. 

This arbitrary subdivision has been made for several reasons. 
All the animals belonging to the Police were treated either by the 
Veterinary Officer of the Police personally (Major D. D. Morton, 
M.ll.C.V.S.), or by his experienced farrier sergeants who could be 
relied upon faithfully to carry out all instructions and to use full 
aseptic i)re(5autions for all injections. In addition the conditions under 
which the Poli(‘e animals, are maintained made it possible to obtain 
in every instance a detailed report not onlv on the nature of the 
reaction to the vaccine but also on tlie subsequent history of the 
animal. This was essential as it was necessary to obtain reliable data 
on any possible adverse ehect upon the performance of the horses, as 
a result of immunization and to obtain an accurate diagnosis in the 
case of any reported breakdowns following exposure to natural 
infection. In the case of the remainder of the animals treated in 
spite of the fact that vaccine is issued ^to the veterinary profession 
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IMMUIfIZATION OF HORSES AND MULES DURING 1934-35. 

only, many of the injections were carried out by stock inspectors under 
conditions which did not always permit of the obsep^ance of aseptic 
l)re(‘autions or of the rational handling’ of a vaccine containing a 
living- infective agent. In addition it was realized that it would be 
exceedingly difficult to obtain reliable reports on the reactions, and 
that an estimation of the degree of immunity conferred could only be 
approximate, since, in only a small per(*entage of reported break¬ 
downs could the diagnosis be relied upon. Moreover, it was realized 
that a complete return from every user of the vaccine could never be 
hoped for 


Preparation of the Va(Xune. 

The entire technicjue of vaccine preparation has been based upon 
that accumulated knowledge of the physical, chemical and biological 
j)ro])erties of neurotiopic virus contained in ju’evious ])ublications on 
the suhje<*t (Alexander, 1935). 

Throughout the period under review the vaccine issued (‘onsisted 
of a mixture of 4 strains of virus which had been maintained “ in 
pure culture by separate serial passage in mice. The strains were 
those designated arbitrarily as O, 449, 4(>4A and 4G4 B; the anti¬ 
genic differences as determined by in vitro nutralization tests have 
been reported previously. In spite of some doubt as to the 
immunizing value of stain 404A it was included in the vaccine 
because repeated tests had shown it to have attained a safe level of 
attenuation for equines, and, as its injection apparently is innocuous, 
it was hoped that it might assist to immunize, at least ])artially, 
against some natural aberrant virus type at present not isolated; in 
other words it could do no harm 4)ut might be of value. For all 
practical purposes, however, it is considered that this vaccine was 
trivalent and not quadrivalent. 

llie 4 strains had been attenuated by the following number of 
intracerebral passages in mice: Strain 0—143, strain 449—149, 
strains 4()4A and B—each 119. 

The aim in vac<*iiie production has been to turn out a bacterio- 
logically sterile final product which would contain in 0*05 c.c. a 
niinimum of 100 mouse infective doses of each of the strains. Since 
it hasi been shown that if 0*05 c.c. of a given emulsion contains 
approximately a single minimal infecting dose for mice then 10 c.c. 
\yill contain approximately 1 M.l.B. for horses, the routine dose was 
fixed at 10 c.c. given subcutaneouslv so that each dose of vaccine 
would contain not less than 100 M.I.D.^s of each strain. This was 
considered to be a perfectly safe margin and has been justified by the 
results of the vivo immunity tests and the in vitro neutralization tests 
jmblished separately (Alexander, 1936, this journal). 

In planning the production of a batch of vaccine the above- 
mentioned points have been borne in mind together with the know¬ 
ledge that— 

(1) the different strains of virus produce in mice a disease 
characterized by appreciably different periods of incuba¬ 
tion and course; 
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(2) there is a raj)itl increase in the virus titre of the bruins of 
infected in ice in ihe later staji^es of the disease, i.e. in that 
short period from the appearance of symptoms up to the 
time of death; 

(d) rapid and easy removal of infective brains may be assured 
only by usin^ those mice which are destroyed in extremis 
by ether or other anaesthesia and not mice which are found 
lyinf»‘ dead in the boxes.. Brains fi’om the latter frequently 
show advaiK'ed autolysis, usually are removed intact with 
considerable difficulty, and may have been invaded by 
bacterial contaminants. 

Conse([uenily the followin^^ routine technicpie for (ommercial 
vaccine preparation has been adopted: — 

Day 1—ill the afternoon mice injected with standard emulsion^ of 
virus strain O (about dO mice). 

Day 2—in the afternoon mice injected with strain 449 (about 15 
mice). 

Day d—in the morning mice injected A\ith strains 4()4A ami B 
(about 15 mice each strain). 

Day (I—on arrival in the morning** 2 or d mice of each strain will 
be found dead and should be <lis(*arded. The majority of the 
remainder will be in extremis; these are etherized, the brains removed 
with aseptic pre(*autions as (juickly as possible and j)laced in sterile 
50 <*.(!. centrifu^’e tubes fitted with corks, d entire brains bein^* placed 
in each tube. In the afternoon the remainder of the mice will or 
should be in extremis and the brains are removed as before. All the 
tubes are stored upright in the treezin^* chamber of a refrigerator 
until required. This freezing* facdlitates disinte^^’ration and sub- 
se(|uent emulsification. 

Day 7—approximately 50 c.c. of 10 per cent, normal serum— 
saline is added to 7 tubes of strain t), and d each of strains 449, 
464A and B. A coarse emulsion of each is made by drawin*^' the 
material into and forcing* it out of sterile Ag^la syrinj 2 res. The tubes 
are returned overnight to the freezing chamber of the refrigerator. 

Day 8—the virus emulsions are rapidly thawed in an imubator 
at d7^ C. and a fine emulsion i)re])ared with sterile i)recautions as 
above. The lubes are centrifuged at about d,500 revolutions per 
minute for 10 minutes and the supernatant fluid decanted into sterile 
containers of suitable capacity (120 c.c. bottles fitted with <*otton wool 
stoppers were used) the strains being kept separate so as to make 
replacement simple should any accident o('cur. From each con¬ 
tainer 0*5 c.c. of emulsion is seeded onto large agar slants for bacterial 
sterility test by incubation for at least 48 hours. 

Day 9—providing the sterility test is satisfactory the virus 
emulsions are added to 10 per cent, serum saline, the volume adjusted 
to G litres and 2 per cent, ether added as a preservative. After 
thorough shaking to ensure mixing of the virus strains as well as 

* .standard virus emulsion constantly in use is a 5 per cent, emulsion of 
infective mouse brains in a 10 per cent, normal serum saline. 
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solution of the ether the vaceine is bottled, corked and sealed. The 
final bottled product is incubated oyernight at 37° C., a precedure 
which greatly enhan(*es the bactericidal acdion of the ether without 
affecting the virus litre and then stored in a refrigerator at 4° C. 
until reiiuired after a second sterility test has been carried out on 
1 or 2 bottles selected at random. The virus titre does not decrease 
a}ipreciably on storage at ±4° C. for up to 2 months, but does 
diminish fairly rapidly at room temperature. Consequently it is 
stii)ulated that the injections must be carried out within 14 days of 
issue from the laboratory. This has been shown to be an adequate 
ai»d a safe margin. 

It will be noted that the original virus emulsions of stiuins 449, 
4()4A and B were diluted approximately 1 :40. At this dilution 
0'()5 c.c. always contains at least 100 mouse infective doses; usually 
the litre more nearly approximates 250 M.l.U. Siiijilarly prepared 
emulsions of neurotropic virus strain O invariably cor tain rather less 
than half these litres and this exjilains the use of 21 brains instead 
of 9. On this basis 48 mouse brains are required for the production 
of ()00 doses of vac(*ine, i.e. 12*5 doses, per brain. 

At first sight the entire procedure may appear to be complicated 
but in actual jiraidise ihat is not the c ase more particularly when the 
procedure is adapted to the preparation of at least one batch of 
va(*cine every day. The quantities selec ted naturally may be varied 
to meet particular requirements but they were chosen as being most 
suitable to the equipment available. Moreover (> litres of vaccine 
(i.e. GOO doses) per day was found to be sufficient fo meet all demands. 

In considering the technique described it may seem somewhat 
unnecessary to recommend that the injection of one strain of virus 
should be carried out in the afternoon while another strain should be 
injected in the morning, bxit the nature of the disease produced by a 
fixed neurotropic virus is so constant that a considerable exyierience 
with the production of some 90,000 doses of vacc ine has shown the 
digerential treatment to be essential for maximum virus production 
together with economy in the numbers of mice used. 

Mention must also be made of the bacterial sterility of the va(*cine 
prepared. From the number of manipulations described it would not 
be unreasonable to expect that a number of vaccine batches would 
show a fairly heavy contamination, which could not be controlled by 
ether whose action in 2 per cent, concentration is bacteriostatic rather 
than bactericidal. Again experience has shown that this is not the 
case. Apparently any (contaminants picked up during removal of the 
brains or introduced during any process recjuiring removal of the 
cork from the tubes become entangled wdth the fine suspended brain 
partitdes of the crude emulsions and are carried down mechanicially 
during centrifugation. This is the only explanation that can be 
offered for Ihe rarity of finding an infected emulsion. Out of about 
150 batches of vacttine prepared only 2 have been discarded on 
account of infection; examination of records has showm that on both 
occasions the (.‘enirifuged emulsions had been left in the refrigerator 
overnight before being decanted, thus permitting diffusion of 
organisms from the (leposit. Incidentally consideration of the results 
of immunization wdll show' that abs-cessation at the site of injection 
has not been a complicating factor. 
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At this point it is desirable to emphasize the necessity for par¬ 
ticular attention to uniformity of technique if a final product of 
oonsUuit potency is to be obtained regularly. Mice of ihe same 
strain, age, and weight should be used (for this work mice about 12 
weeks old have been found most satisfactory) injections should be 
carried out at the same time each day, and the infectivity and dose 
of inoculum should not vary. If strict unifoimity of tecdinique is 
adopted it will be found that the virus titre of the final emulsions 
will vary within exceedingly narrow limits and this wull minimize 
the numher of potency tests necessary. 

The actual production of the vaccine would be simplified by the 
discovery of some substance to replace the serum of the serum saline 
vehicle to counteract the virucidal action of saline alone. Preferably 
such a substance should be heat stable so as to enable sterilization by 
autoclaving to be carried out. Furthermore extensive research is 
necessary to bring to light some ])i'eservative more efficient than 
ether, but it should not have the selective bacterial action of many 
of the dyes and of course must be non-irritant and nou-virucidal over 
a wide range of temperature. 

A. The Immunization of Police Pemot^nts. 

A total of 1,815 horses were immunized over an area comiirising 
practically the entire Union excluding the south-vest Cape. In the 
larger centres the horses were maintained in the regular depots. I.u 
the outlying districts they w^ere concentrated at suitable ])oints for 
injeciion and then returned immediately to their posts. 1'he routine 
procedure was to rest horses for 21 days after injection, then to put 
them on light jiatrol duty for 14 days before gradually bringing them 
liack to full work. During the period of rest rations were reduced 
to the requirements for maintenance only, green feed being aug¬ 
mented vhere jMissible, and exercise was limited to a minimum. 

Rmrfions ,—In approximately 100 cases temperature records were 
kept, in the remainder observations were recorded on the general 
haliitus of the horses. It became apparent that there is a consider¬ 
able variation in the reaction produced in different animals main¬ 
tained under identical conditions. Some horses show no demonstrable 
reaction whatever but in the majority a febrile and in some cases a 
general systemic reaction commences on approximately the Oth day 
and lasts for 8-5 days. During the period of pyrexia the afternoon 
temperature mav rise as high as lOo-lOfio but the morning tempera¬ 
ture is seldom above 101. This diurnal fluctuation in temperature 
may l)e considered typical but occasionally there is a period of con¬ 
tinuous fever. Usually return to normal follows the decrease in the 
afternoon temperature exacerbations. A remarkable fact is the 
observation thai in spite of a fairly severe fever there is little or no 
constitutional disturbance other than that direclly associated with 
hyperthermia (e.g. slight pulse acceleration and ])olypnoea). As a 
rule horses do not go off iheir feed and only a careful examination 
and a record of the afternoon temperature will indicate any deviation 
from normal. In only 1 or 2 cases was the period of convalescence, 
following the most severe reactions, prolonged beyond the 21st day 
and the percentage of cases showing edema of the supraorbital 
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fossae (dikkop), noticeable on about the 12th day, was less than 0*5 
per cent.; mortality as a direct result of immunization was nil. 
In fact the position may be summarized by saying that in approxi¬ 
mately 75 per cent, of cases the reaction in fully susceptible animals 
is so mild as to be detectable only by an ex])erienced and competent 
observer. Animals which had been immunized previously either by 
the serum virus method, or by the neurotropic virus method even by 
the injection of only a single attenuated strain showed no reaidion 
wliatever to subsec|uent treatment. 

After Effects, 

As stated above an accurate record of the subsequent hishiry of 
every horse was kept, the record including the amount and nature of 
the work carried out. In almost every instance the allocation of 
mounts remained unchanged prior and subsequent to immunization 
so that the opinion of the rider on any change in the performance 
of his mount could be obtained. In only one instance did a report 
show that a horse apparently had become sluggish some months after 
return to work. Veterinary inspection failed to connect this with 
horsesickness immunization and the animal picked up in condition 
rajiidly after anthelminthic treatment. 

Again the position may be summarized by saying that no harm¬ 
ful after effeids w^ere encountered, observations being made on horses 
engaged in all types of work from light patrol duty to the strenuous 
demands of daily attendance in the school of equitation at the Depot. 
No cases of staggers (acute liver atrophy) were encountered. 

J ft ij. 

On exposure to natural infe(*tion during the horsesickness season 
12 immunized horses (0'6() per cent.) contracted the disease. Of these 
10 (0*55 per cent.) died and 2 (0*11 per cent.) recovered. Full details 
of these cases will be found in the appendix at the end. 

In the two cases wdii(h recovered a diagnosis was made from the 
appearance of a typical'dikkop; it is uncertain whether other cases of 
horsesickness fever unaccompanied by dikkop and hence undiagnosed 
aetiologically occurred. In the fatal cases a diagnosis was made 
either from the isolation of virus, from blood collected immediately 
prior to death, or from consideration of evidence submitted to a 
board of imiuiry. There is no reason to believe that an accurate 
diagnosis was not made in each case and ii is not possible for any 
death not to have been reported. 

Consideration of the appendix will show that 0 of the breakdowns 
occurred in the eastern and north-eastern Transvaal, 3 in the Natal- 
Zululand area, 2 in the Vryburg area and 1 in the Pretoria District. 
From the Natal and Transvaal cases 3 strains of virus have been 
isolated. These have been fixed neurotropically in mice and 
preliminary work has shown that they differ antigenically from the 
strains incorporated in the vaccine. A detailed report on the anti¬ 
genic inter-relationship will form the subject of a future publication. 
From the one Pretoria and two Vryburg breakdowns unfortunately 
no strain of virus was isolated. 
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It is of interest to note that (> of the 12 horses under consideration 
had been immunized by the serum virus method some time prior to 
reimmunization by the neurotropic virus method and that 1 horse had 
received 2 injections of neurotropic vaccine. Further in almost every 
instance there is a history of the horse dyin^* somewhat suddenly, 
either immediately after return from pairol duty or after bein^r 
noticed sic*k for the first time wlien actually on the road. The sig¬ 
nificance of this observation is not cpiite cdear but it indic*ates the 
harmful effect of work on an immune animal undergoing either a 
definite or aboitive reaction as a result of natural infection. This 
conc lusion is supported by the finding that the strains of virus isolated 
proved fatal to susceptible animals in the laboratory but produced 
merely severe febrile and systemic* reactions in horses that had been 
immunized previously with the routine vaccdne but were maintained 
at rest in the stable during the entire period of the immunity test. 

11. Immunization op IIoksks and Milks, othkh than Polk'e 

Remounts. 

This group c*omprises all types of horses from nondescript hacks 
io schooled polo-ponies and from purebred re])resentatives of the 
heavy draft breeds to valuable Thoroughbred stud stock. In addition 
a large number of mules were treated but unfortunately when the 
returns were submitted a differentia lion between horses and mules 
was not made in every instance, so that it may be stated only, that 
the number of mules immunized was not less than 1,524. As far as 
it is i)ossil)le to do so the results are t.abulated in the accompanying 
^rable 1 

[Note. —These figures were compiled from reports submitted 
by Government Veterinary Officers tor the distric ts under their con¬ 
trol. These distric-ts do not correspond with the magisterial districts, 
so that in some erases the classific'ation of the districts may appear 
to be at fault.] 

It must be conceded at the outset that these figures cannot be 
regarded as ])eing other than merely apj)roximate. For instance, 
acc'ording to the reports rec*eived a total of 2S,n59 horses and mules 
were immunized, whereas examination of the record of issues made 
shows that 31,410 doses of vaccine were supplied to meet orders 
received. Thus there is no record of the results obtained from the 
use of 2,757 doses of vac cine. It has not been possible to ascertain 
exac'tly how’^ the discrepancy has occurred, but it is in part made up 
by the omission of 1,057 animals in the Piet Ketief area from w^hieh 
no details, are available. This omission is regrettable because the 
district is situated in that portion of the Union wdiere the percentage 
of breakdowns might be anticipated to be not lower than that reported 
from Vryheid, namely 2*60 per cent. 

Reaction to Immunization ,—On tw^o oc-casions it was reported 
that severe abscessation and local phlegmosis had occurred at the site 
of injection. The total number of animals involved wjas 8, but in 
each case it was determined that of over 1,000 horses injected with 
the same batches of vaccine no others had shown any local reaction. 
It must be concluded therefore that pyogenic infecticin had gained 
entrance from the use of contaminated needles and syringes and that 
the vaccine itself was not the primary cause. 
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Table I. 

Results of HoTsesickness Immunization, 1934-35. 
Horses and Mules other than Police Remounts. 


I’rovince and Distrift. 


A.—CAPE. 

Mafckin^;. 

Vryburg. 

Kimberley. 

De Aar. 

Middelbiirg. 

Aliwal North. 

Capetown. 

Port Elizabeth... 

East London. 

Grahamstown.... 

Uintata. 

Flagstaff. 

Kokstad. 

d.--^orange free 

STATE. 

Kroonstad. 

Bloemfontein. 

C. ~-TRANSVAAL. 
High veld. 

Ermelo. 

Potchefstroom.. 
Johannesburg.. 

Middelb urg. 

Northern. 

Pretoria. 

Potgietersrust.. 
Pietersburg.... 
Louis Tnohardt 
Rustenburg.... 
Eastern. 

Barberton. 

D. —NATAL. 
Highveld and 
Middle Veld. 

Dundee. 

Estoourt. 

Ladysmith. 

Grey town. 

Pietermaritz¬ 
burg . 

Ixopo. 

Low veld. 

Vryheid. 

Nongoma. 

Eshowe. 

Durban. 

Port Shepstone 

E. -^SOUTH WEST 

AFRICA. 

F. -^SWAZILAND.. 

G. -S. RHODESU 

Total. 


Number of Animals 
Immunizecl. 


Number of Breakdowns in Immunity. 


Horses. 

1 

Mules. 

Total. 

Deaths, 

Per 

Cent. 

Re¬ 

covery. 

Per 

Cent. 

Total. 

Per 

Cent. 



2,663 

24 

0-90 

26 

0*98 

50 

1-88 

_ 

— 

1.19» 

1 

009 

0 

0 

1 

009 

734 

10 

744 

0 

0 

0 

0 

0 

0 

_ 

_ 

822 

0 

0 

0 

0 

0 

0 

_ 

_ 

180 

0 

0 

0 

0 

0 

0 

_ 

_ 

12 

0 

0 

0 

0 

0 

0 

_ 

— 

58 

0 

0 

0 

0 

0 

0 

244 

377 

621 

0 

0 

0 

0 

0 

0 

_ 

_ 

209 

0 

0 

0 

0 

0 

0 

_ 

— 

343 

0 

0 

0 

0 

0 

0 

_ 

_ 

300 

0 

0 

0 

0 

0 

0 

_ 

_ 

129 

0 

0 

0 

0 

0 

0 

— 

— 

394 

0 

0 

0 

0 

0 

0 

1,030 

252 

1,282 

0 

0 

0 

0 

0 

0 

295 

36 

331 

0 

0 

0 

0 

0 

0 



2,501 

5 

0-20 

2 

0-08 

7 

0-28 

1,890 

51 

1,941 

5 

0-26 

1 

0-05 

6 

0-31 

376 

8 

384 

0 

0 

0 

0 

0 

0 

2,094 

12 

2,106 ^ 

16 

0-76 

2 

0-09 

18 

0-85 

1,977 

357 

2,334 

24 

]03 

10 

0*43 

34 

1-46 

_ 

— 

464 

5 

108 

1 

0-22 

6 

1-30 

381 

42 

423 

8 

1'89 

7 

1-65 

15 

3-54 

_ 


237 

5 

2.11 

0 

0 

5* 

211 

— 

— 

237 

0 


1 

0-42 

1 

0-42 

— 


171 

8 

4-68 

1 

0-69 

9 

6-27 

1,419 

57 

1,476 

6 

0-41 

3 

0-25 

9 

0-66 

1.041 

54 

1,096 

1 

010 

0 

0 

1 

010 

956 

16 

971 

1 

1 0-1 

0 

0 

1 

010 

601 

16 

617 

1 

017 

2 

033 

l 

3 

0-60 

203 

48 

251 

0 

0 

0 

0 

0 

0 

208 

44 

252 

0 

0 

0 

0 

0 

0 

1,926 

116 

2,042 

32 

1-57 

10 

0-49 

42 

2 06 

— 

_ 

57 

4 

7 02 

9 

12'28 

11 

19-30 

109 

28 

137 

10 

7-30 

6 

365 

15 

10-95 

_ 

— 

203 

0 

0 

0 

I 0 

1 0 

0 

— 

— 

82 

1 

1 

1*22 

0 

! 0 

1 

1-22 

_ 


943 

0 

0 

0 


> 0 

0 

— ! 

— 

217 

6 

2*30 

0 

0 

6 

2-30 

— ' 


247 

3 

1‘21 

4 

1 D62 

7 

1-83 

— 

1,524 

28,669 

165 . 

0-58 

82 

1- 

0*29 

247 

087 
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Several reports were received from farmers that individual 
animals had died within 48 hours of injection. Obviously the deaths 
could not be attributed to the action of the vaccine-virus, to that it 
is believed that these reports represented coincidences unconnected 
with immunization. On the other hand it is necessary to detail the 
histories of 8 horses which died under circumstan(*es w’hich cannot 
exclude the vac(*ine from all blame wdth certainty. 

1. District Estcourt, Natal—horse injected 29/11/84; noticed 
to be dull on (ith day; on 8th day fever and s.w’elliiig of the sujn’a- 
orbital fossa; died on 9th day. After post-mortem examination an 
aetiolo^i(*al diagnosis of Dikkop Horsesickness was made but this 
could not bo confirmed by histolojjfical examination of si)ecimens sub¬ 
mitted a ml no virus was isolated from the blood. 

2. District Klerksdorp, Transvaal—horse injected 5/12/34; 
noticed to be dull and slu^'^ish on 9th day; died on Tith day after 
showing* symptoms described by the owner as bein^^ typi(‘al]y those of 
dunkop horsesickness. No opportunity of confirminj^ or refuting’ this 
diagnosis was available. 

8. District Machadodorp» Transvaal—it was merely reported that 
a horse had died on the 13th day after injection after showing 
typical symptoms of horsewsickness. 

Although these reports are vague and the diagnosis in each case 
was unconfirmed it is considered that the reaction to the vaccine may 
have been a factor contributing to the death of the animal. In s])ite 
of this it is merely necessary to point out that the death of 3 hot’vses 
out of a total of 28,659 represents a percentage mortality which may 
be disregarded. 

One other adverse report merits attention. The Government 
Veterinary Officer in Kimberley was advised that out of a troop of 
40 horses in the Spytfontein District 1 was noticed decidedly ill 
on the 5th day after injection but appeared to have recovered by the 
8th day. On the 7th day 2 mares and a gelding suddenly “ went 
mad After carreering wildly about a paddock they damaged 
themselves by charging into fences or trees and either succumbed to 
their injuries or had to he destroyed. Veterinary inspection of the 
remainder on the 9th day slunved only a single mare undergoing a 
ty})ical but severe horsesickness reaction, and careful examination of 
the pasture for the presence of poisonous plants yielded negative 
results. This report would ap])ear to indicate neurotropism of the 
vaccine virus with involvement of the central nervous system 
possibly in peculiarly susceptible animals, but in the absence of corro¬ 
borative evidence it must remain for the present an isolated and un- 
<‘onfirmed occmrrence. 

For the rest a careful examination of the returns shows that a 
large number of owmeis were disappointed at the absence of any 
clinical reaction because they believed, that without at least a 
definite horsesickness fever, no immunity could result; a further 
large number reported a mild febrile reaction occurring some time 
between the 6th and le3th day after injection; less that 3 per cent, 
reported severe febrile reactions and only rarely is mention made of 
the incidence of supraorbital edema (dikkop). 
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The horses in question were maintained under a wide variety of 
conditions. In a limited number of cases the hyg'iene, feeding?, and 
general managemeni left nothing to be desired but it was a fairly 
general practise to turn out injected horses under every variety of 
climatic conditions to fend for themselves on poor quality grass until 
the completion of the prescribed period of 21 days rest. Many horses 
were worked for at least 5 days after injection and were returned to 
work wiihin a fortnight, others were worked continuously and yet 
there appeared to be no accidents. These practises cannot be (*on- 
demned too strongly but the attenuation of the vaccine virus has 
attained such a degree that apparently it may be used with impunity 
under all conditions of farming in South Africa. 

It is necessary to make no differentiation with regard to the 
immunization of mules. But, from two separate sources, it has been 
reported that a total of 5 mules showed a complete or partial blind¬ 
ness which develo]>ed progressively from about the 28th day after 
injection. All attempts to procure these animals for the purpose of 
carrying out a detailed examination were unsuccessful so that the 
entire question of neurotropism of the virus in mules must remain an 
open one pending the collection of additional data on a larger number 
of cases. In the laboratory a similar condition has not been en¬ 
countered. 

Aftev-effects ,—In one or two instances owners expressed the 
opinion that individual animals appeared to be sluggish for some 
months after treatment. On the other hand the observations of 
experienced horsemen, and of the members of recognized polo clubs 
playing immunized ponies regularly, makes it clear that the general 
concensus of opinion is that unpleasant sequelae need not be feared. 

IintHunity .—At the end of the horsesickness season it was 
reported that the immunity of 247 (0*87 per cent.) of immunized 
liorses and mules had been broken down on exposure to natural in¬ 
fection. Of this number 1(55 (6(5*7 per cent.) died and 82 (33-3 per 
cent) reacted severely but recovered. It will be noti(*ed that these 
figures correspond fairly closely with hose obtained with the police 
horses. 

The heaviest mortality w'as experienced in the Natal-Zululand, 
Northern and Kastern Transvaal areas. In Noiigoma the breakdowns 
amounted t^v 19*30 per cent, out of a total of only 57 immunized, in 
Eshowe 10*95 per cent, out of 137, Vryheid, Barberton, Louis 
Trichardt and Pietersburg showed breakdowns varying from 2 to 
5*27 per cent. Blood was collected from a number of these animals 
immediately before death and preliminary work by in vivo methods 
has shown that the virus strains isolated are antigeni(*ally similar to 
the aberrant strains isolated from the i)olice horses. 

In the Mafeking area 1*88 per cent, of 2,653 immunized animals 
proved to be inadequately protected. Unfortunately only a single 
virus sample was collected from these animals. The virus isolated 
produced no reaction in animals immunized against the vac(*ine plus 
aberrant police strains, but from this single strain it is not possible 
to express any opinion as to the possibility of other antigenically dis¬ 
similar strains occurring over this wide area. This point is being 

26 



R. A. ALEXANDER, M'. O. NEITZ AND P. J. BE TOIT. 


borne in mind because of the great dift'erence in r*limati(* (*onditions 
between the eastern and western portions of the TTiiion, a factor which 
might favour the existence ot yet another virus type. 

Ihom a statistical jxnnt of view it is admitted tliat these figujes 
have very little value. In the first place the diagnosis of horse- 
sickness usually was made by laymen who are i)rone to believe that 
every immunized horse which dies during the late summer months 
must have died of horsesickness. It is surmized however thal the 
number of iiK'orrect diagnoses approxinialely w’ould counterbalance 
the numl)er of breakdowns which were not reported. In the second 
place the incidence of horsesickness among non-immunized animals 
maintained under similar conditions could not be ascertained, thus 
from an experimental and comparative point of view the fate of the 
all important controls cannot be recorded. 

Discussion. 

(kmsideration of the results reported above immediately em- 
jjhasizes one important point, namely, that the neurotro]nc virus 
method of immunization of horses, and mules inay be practised with 
perfect safety. Out of 1<S15 police animals treated there was not a 
single death attributable to the use of the vacc'ine. Out of at least 
2(S,()r)9 other animals in general piactise there have been recorded 
deaths tor which there is some possibility of the vaccine itself being 
responsible. This percentage is negligible and marks a considerable 
advance over the results obtained with the serum virus method where 
a mortality of 10 per cent, as a direct result of immunization has been 
recorded on several oc(*asions. 

livery effort has been made to determine the possible danger of 
neurotropism of the attenuated virus strains for equines. If this 
danger does exist it is so remote as to be almost negligible, as 
indicated be the experience in the field with over 30,000 equines and 
by direct and indirect methods in the laboratory with a limited 
number of animals. An umiualified statejnent that there is no danger 
of sei’ious nervous comj)lications cannot be advanced owing to the 
re])orted incidence of 5 cases of blindness in mules. This entire 
(jiiestion, together with the affinity of the neurotix)i)i(‘ virus for the 
nervous system of mules and donkeys, is being investigated further 
and will be reported in due course. At least there appears to be no 
necessity to complicate the entire method of immunization by 
developing a technique which will include the simultaneous use of 
hyperimmune serum, UvS has been found to be essential in the 
alialogous case ot Yellow^ Fever in man. 

With regard to any remote ill effect of immunization it may be 
vStated that up to the present time no unpleasant setpielae have been 
encountered. Certainly no permanent })hysical disability such as 
myocardial w^eakness or persistent slugglishness need be feared. The 
incidence of staggers (acute liver atrophy) may be c ited with some 
justification as a complicating factor of great importance in the 
serum-viius method, but up to the jiresent time no cases have cxcurred 
which could iiu‘riininate the ])resent vaccdne. Since the aetiology of 
this condition remains obscure it is undesirable to do more than record 
this observation. 
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The figures indicating the degree of immunity to natural infec¬ 
tion are not entirelj" satisfactory because the season under jeview 
must be regarded as a mild one from the point of view of natural 
incidence of the disease. A rec^orded percentage of breakdowns in 
the case of police horses of ()•()() per cent, and in the case of other 
equines. of 0*87 per cent, quite probably errs on the side of flattering^ 
the vaccine. This statement is supported by the fact that in some 
areas such as Nongorna, Eshowe, Vryheid, where every season must be 
regarded as a bad horsesickness season the mortality was as high as 
19*30 per cent though the number of horses immunized was small. 
(Nongorna 10*30 per cent, of 57. Eshowe 10*95 per cent, of 137. 
Vryheid 2*0G per cent, of 2,042.) However it must be remembered 
that from this geographically and climatically similar tract of 
country there was isolated at least one strain of virus which differed 
antigenically fix>m those which were available for atteunation. 
Natural infection with this strain probably was responsible for the 
adverse figures. On the other hand it is known that in some parts 
of the country the mortality from horsesickness amongst sus<*eptible 
horses was high in spite of the usual prophylactic measures to j)revent 
infection and yet the percentage breakdowns amongst immunized 
animals was less than 0*5 per cent. These observations, regarded in 
the light of the laboratory experience which has shown definitely that 
injection of a certain infecting dose of attenuated virus is followed by 
a solid immunity to the homologous strain, encourage the belief 
that the problem has. become one of the development of complete 
polyvalency. Whether this is possible is a question which cannot be 
anwersed at present from the limited data available. 

A number of additional ppblems possibly of minor importance 
await solution. For instance from the breeders j)oint of view it is 
necessary to determine the effect of immunization on fecundity, the 
effect on susceptible pregnant mares at various stages of pregnancy; 
whether foals from immune dams are born with a passive resistance 
and if so the duration of that resistance; the youngest age at which 
immunization is both safe and efficacious. Then, from a general 
point of view, the duration of polyvalent immunity is a matter of 
importance. With the exception of the latter these are problems 
which do not lend themselves readily to solution by direct experi¬ 
mental methods in the absence of unrestricted, access to a stud of 
considerable magnitude. 

In conclusion it may be stated that neurotropic virus vaccine 
method of immunization has been attended by the most gratifying 
results. It is admitted freely that the method still awaits, perfection, 
but a sound foundation has been laid on which to build. 

Summary. 

1. Details of the method adopted for the preparation of the 
vaccine are given. 

2. The results obtained in the field during the season 1934-35 
with the immunization of 1,815 police remounts and 28,659 other 
horses and mules are discussed. 
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Of the i)olice horses there was no mortality as a direct result 
of immunization, no adverse after effects were noted, and the im¬ 
munity of 12 was broken down on exposure to natural infection. Of 
those 10 died and 2 recovered. 

Of the other horses and mules< there were deaths for which the 
va(.‘cine may have been responsible or to which it may have contri¬ 
buted. On the whole the reactions were exceedingly mild and there 
were no adverse after effe(*ts. The immunity of 247 (0*87 per cent.) 
w’as broken down on exposure to natural infection. Of these Ibb 
(0*58 per cent.) died and 82 (0*29 per cent.) recovered. 

3. From the ])olice breakdowns 3 strains of virus were isolated 
and have been fixed neurotrojucally in mice. Their antigenic inter¬ 
relationship is being worked out. 

4. In mules 5 cases of blindness following immunization have 
been reported. 

5. The problem of immunization by the nen)otro])ic viius method 
is discussed. 
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APPENDIX. 

Details of ('uses Itepresenting Breakdown of linmunity amongst BoUce Horses, 

1. Horse T..S87, stationed at Nelspriiit, E. Transvaal. 19.3.34, immunized 
with ncMirotropif vaccine in Pretoria Depot. 23.8.34, immunized Nelspruit 
witli nenrotropic vaccine after transfer to that district. 19.1.35 reported sick, 
showing symptoms of Dikkop horsesickness. Died 21.1.35. Aetiological diag¬ 
nosis, horsesickness. 

2. Horse E.l(3(i, stationed at lUiimte, E. Transvaal. 21.1.35, sent to 
Schildpadfontein on duty; on arrival noticed to be off colour and sluggish; 
from 22.1.35 to 27.1.35 showed symptoms of fever up to 105® F., diagonsed as 
horsesickness; recovery uninternijited and returned to work on 2.2.35. 

3. Horse H.199, stationed at Bushbickridge, Eastern Transvaal; purchased 
1933, and immunized by serum virus method prior to purchase; 6.7.34, iiiiinu- 
nized by neurotropic vaccine. 25.1.35, returned Irom a 4-day patrol. 26,1.35, 
noticed sick. 28.1.35, died; aetiological diagnosis, horsesickness. 

4. Horse T.459, stationed at Esliowe, Natal. 24.4.34, immunized neuro- 
tropic vaccine. 1.9.34, immunized neurotropic vaccine. 2.2.25, noticed sick. 
23.2.35, died. Diagnosis, horsesickness. Blood sample collected before death. 

5. Horse E.517, stationed at Nylstroom. 29.11.28, immunized by serum 
virus method. 7.8.34. immunized neurotropic vaccine. 4.3.35, on 25-mile 
patrol. 5 3.35, noticeci sick and on examination showed dikkop. 7.3.35, died. 
Aetiological diagnosis, dikkop horsesickness. Blood sample collected before 
death. 

6. Horse T.737, stationed at Sehoonoord, District JMiddelburg, Transvaal. 

20.7.34, immunized neurotropic vaccine. 1.4.35, ridden from Schoonoord to 
Pakwani, left at 7 a.in. and arrived at 3 p.m.; started return journey follow¬ 
ing afternoon; after travelling 3 miles, noticed sluggish and immediately led 
back to Pokwani. 3.4.35, died. Aetiological diagnosis, dikkop horsesickness. 

7. Horse H.960, stationed at Brits. 4.4.32, purchased after immunization 
by serum virus. 28.8.34, immunized nenrotropic vaccine. 8.4.35, started on 
patrol at 7 a.m.; at noon horse noticed .sluggish, immediately off-saddled and 
allowed to return to camp at its own gait. 9.4.35, died. Diagnosis, dikkop 
horsesickness. 

8. Horse H.927, stationed at Schwayane cordon, Vryburg Jlistrict. 
4.4.32, purchased after serum virus immunization. 29.4.34, immunized nouro- 
tropic vaccine. 21.5.35, noticed sick, showing dikkop. 22.5.35, general con¬ 
dition brighter but marked oedema of head and throat; during the day 
struggled to break loose, and after breaking the leather dropped dead. 

9. Horse B.280, .stationed at Ntambaiiana, District Eshowe, Natal. 

29.8.34, immunized neurotropic vaccine. 28.4.left at 2 a.m. for Kmpangeni, 
being led; when about 5 miles from Enipangeni, commenced purging and 
appeared dull and distressed. Continued slowly on journey, arriving at 7.15; 
died 2 liours later. Horse did not feed or drink during the journey. Diag¬ 
nosis, horsesickness. 

10. Horse H.957, .stationed at Matubatuba, District Eshowe, Natal. 
27.0.33, immunized by serum virus method. 30.8.34, immunized ucurotropic 
vaccine. 18.4.35, noticed sick when grazing in a paddock. 19.4.35, died. 
Diagnosis, horsesickness. 

1. Horse H.913, stationed at Pietersburg, Transvaal. 4.4.32, immunized 
serum virus. 9.7.34, immunized neuiotropic vaecine. 2.7.35, went on patrol 
and completed 30 miles, before return next day, being noticed) sluggish before 
reaching camp. 4.7.35, died. Diagnosis, dikkop horsesickness. 

.E.336, stationed at Honeyskop, District Taxings, Transvaal. 
29.,b34, iinmunized neurotropic vaccine. 14.4.»35, sick and subsequentlv showed 
dikkop. Kecoverod. 
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Notes on Species of Trichodectidae with 
Descriptions of New Genera and Species. 


l^y G. A. H. )U1), Sei-tion of Parasitology, Gii(lerste])oort. 


M(jst of (he inalerial re])<)rle(l on in this paper from Procaviidae was 
colleeted by Mr. Gordon P. Thoni])son and the writer ot‘ skins in 
(lie Pritisli Museum, and the numbers recorded between brackets 
afi(*r their hosts ref'ei' to the numbers of the skins in the museum. 
For ])(‘riiiissioii to examine the skins I am deejily indehted to 
Mr. Martin A. C. Jlinton, F.R.S. 

1 also wisli to ex])ress my thanks to the followin;^* for sending* 
me material Mr. Gordon P. 1'lionip‘'on of the Pritish Museum; 
Ml'. G. 11. F. Hopkins for species from Uganda ami Kenya Colony, 
and Dr. (i. Martinaglia for materia! collected off animabs in the 
Zoological GardtMis, flohannesburg*. To Mr. (r. P. I'homjison 1 .am 
tint her indebted for kindly sending me co])i(*s of both Gervais' and 
liudow’s oi’iginal des(*ri|)tions and tracings of their drawings of 
speides desciibinl by them found on goats. 

Genus Phucavu-ot.a Pedford. 

Pio('(icic(da uinvirynfa (Neumann). 

I^rrvious records. “ ffyra,r s]i., (.kmgo (NiMimann, 

1913); Deadrohyrud’ sfi., Perlin Museum (Stobbe, 1913); 1). adolfi- 
friedcrici, Pelgian (kmgo (Ferris, 1930); 1). arhorai, Port St. Johns, 
(^ipe Province (Pedford, 193‘J). 

Additionfil ! erords.- -Dend I oh t/Khr arhorea. Port Alfred, (^aiie 
Province, 1933 (coll. 11. F. Lawrence); ]). ndolfi-fnederin. Mount 
Muhavura, south-west of Kigezi, Uganda, 9th Sept., 19L*9 (Prit. Mus. 
No. 30.8.1.54); I), crawshayi, Kinangoj), Ken>a Colony (Pi it. Mus. 
No. 3.4.4.4.); D, scheclei, Ukeke District, Tanganyika Territory, 
8th De(*,, 1910 (Prit. Mus. No. 11.4.23.2); /). stuhlmanni, Purumba, 
Ankole, Uganda, Aug., 1903 (Prit. Mus. No. 4.2.t).32); />. hoenyei, 
Benguella, Anboim District, Angola, 27th Aj)!*!!, 1934 (coll. K. 
Jordan) and D. anyolensis, (hmgulu, Amboiin Distriid, Angola ((‘oll. 
K. Jordan). 


Vrocaiucola iteynianni (vStobbe). 

/^fcviovs records .—From Dendrohyrax sx)., Perlin Museum 
(Stobbe, 1913); as Trichodectes sternatys from Dendrohyrax adolfi^ 
friedericiy Pelgian Congo (Ferris, 1930); V. arhorea, Port St. Johns, 
Cape Province (Bedford, 1932), 
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Additional records. — l)endrohyra.r arhorca. Port Alfred, Cape 
Province, 19:}:^ (coll. II. F. Lawrence); D. adolfi-friedevici, between 
Masisi and Labnisi (Hrit. Mna. No. 28.1 .;10.29); Z>. crawshayi, 
Kiiiaii<»’op, Kenya Colony (Bril. Mns. No. »‘1.4.4.4) and IHithu, 
Kenya (Vdony (Brit. Mns*. No. ^.4.4.0); J). scheelei, IJlveke District, 
Tanganyika Terriiory, 8th Dec., 1910 (Brit. Mils. No. 11.4.23.2); 
D. stuhlmannij Buruml)a, Ankole, Uganda, Aug., 1903 (Brit. Mua. 
No. 4.2,6.33). 

Note. —1 think ihere can be no doubt that all the above 
sijecimens refer to P. nevmanni. Stobbe in describing this species 
merely stated that it differed from Triclwdectes vnivirgafv.^ Neii. 
in the absence of i)rocesses on the posterior margin of the temples. 
The only other known species found on Detidrohyjvhr which could 
be confused uilh it are P. rongocns/.^ (Ferris), P. angolensis nov. sp. 
and P. Jnicnlatci (Ferris), all of which are, inter alia, much smaller. 

Proravicola congoensis (Ferris). 

Previous records. —Tyi)es from Dendrohyrax adolfi-f rirdcrici, 
Belgian Congo; also females from J). valid us, Mt. Kilimanjaro, but 
these were ])robably P. haculatai (Ferris) (Ferris, 1930). 

Additional records. — 7). adolfi-friederici, Mt. Muhavura, south¬ 
west of Kigizi, Uganda, 9th Sept., 1929 (Brit. Mus. No. 30.8.1.54); 
Z>. stvhlmanni. Burumba, Ankole, Uganda, Aug., 1903 (Bril. Mus. 
No. 4.2.6.33). 

Notes. —The basal plate of the male genitalia varies in length 
both in this species and P, hacvlatn. In Ferris’ figure of the ty])e 
of P. congoensis it is shown extending to the apex of the second 
abdominal segment; in the specimens from L), adolfi-friedcrici from 
Uganda it extends to the ajiex of the first segment, and in the 
specimens from 1). stuhUnmini it extends to the apex of the 
metathorax. This species is closely related to the three following, 
and I have been unable to find sj)ecific characters for se])arating the 
females and those of P. angolensis nov. sp., except that the lobe on 
the inner face of the gonopophysis appears to be larger in P. 
congoensis. 


Procavicola angolensis nov. sp. 

(Figs. 1 and 2). 

Males and females taken off Dendrohyrax bocagci, Benguella, 
Amboim District, Angola, 27th April, 1934 (coll. K. Jordan), and 
I), angolemis, Congulu, Amboim District Angola (coll. K. Jordan). 
The holotype, a male, and allotype from D, bocagei will be 
deposited in the British Museum collection. 

Notes.— This species is very closely related to P. congoensis, of 
which Ferris (1930) has given excellent figures, also to P. jordani 
Z^. haeulata (Ferris). The male can be distinguished 
from both P, congoensis and P. hacvlata by the presence of two 
median transverse plates instead of only one on tergites IV to VI, 
and also by the male genitalia. The endomeres are fused except at 
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tbeir extreme apices where they are bilohed, autl their latero- 
aiiterior angles are shar])ly pointed, whereas in both V. cmigoerms 
and l\ hacvlata they are se 2 )ai*ated and rounded at their latero- 
anterior angles. The ])seudopenis also differs in being more widely 
rounded at its a])ex. The basal ])la1e is long, extending to the first 
abdominal segmenl. Prejmlial sac with numerous minute s])ines. 
The female, as stated above, very closely resembles that of 
l\ conijocnsis. Both these can, however, be distinguished from the 
females of P. jordani and l\ hacvlata, in having two se]).arate i)lates 
on ihe aj)ical tergite, whereas in P, jordani and P, hacvlata these 
])lates aie united in front (compare Pigs. 2, 4 and 5). 


Male: Length 1-13 mm., head 0*29x0*2(). 
Female: Length 1-17 mm., head 0-29x0*2G. 



Fijj;. 2 .—rrocavivohi anqolousia nov. sj)., apical tergite of female. 

Procavicola jordani nov. sp. 

(Figs. 3 and 4). 

Males and females taken off Deadrohijrax atigolensis, Congulu, 
Amboim District, Angola (coll. K. Jordan). 

The holotype, a male, and allotype will be dejmsited in the 
British Museum collection. 
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Notes. —This 8i)ecies is closely related to the two foregoing 
species, and also to P, haciilata. The distinctive features in the male 
appear to be the presence of a narrow transverse sclerite betw^een 
each of the hind coxae and the sclerotic bar on sternite i, and in 
the male geniialiu, and in the female the apical tergite and apical 
sternites. 



Fig. 3.— Frocax)icola iordani nov. sp., mule genitalia. 

Fig. 4 .—Fiocavkala jordaiii nov. sp., apical tergites and stcrnites of female. 


Male genitalia (Fig. 3)—The endomeres resemble P, angolmst.s 
except that they are situated further forward.and have the latero* 
anterior angles rounded; above them is a minute elongated sclerite 
which is absent in the other species. The ])seudopenis resembles 
that of P. barvlala in being narrow at the ai)ex. The basal plate is 
short and narrow, extending to the fifth segment. The most 
conspicuous feature, however, is the jnesence of numerous largish 
teeth on the prei)utial sac. 

In the female the plates on the apical tergite are united in front 
as in P, bandata, but they are much smaller than in that species, 
and the apical sternites are very distinct (see Fig* 4). 

Male: Length 115-1-2 mm., head 0*31x0*27. 

Female: Length 1*26 mm., head 0*33x0*29. 
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Vrocavivola hacnlata (Ferris). 

(FiV. 5). 

i^reinovs record .—From Dendrohyra.r rnlldus, Mt. Kilimanjaro 
(Ferris, 19(‘50). 

Additional rcctfcdi^. — Dcndrohijra.r rahduj^, Kilimanjaro, ^lOth 
Octol)er, 1884 (Brit. Mus. No. 85.1.17.8); aiul 1). 'ncvmannif 
Tambatu, Zanzibar (Brit. Mns. No. F‘1.10.‘^8.r)). 

Notes. —In the imiles from D. ralidns llie basal plaie of the 
p:eiiiialia extends inio the metatborax, wliereas in the nial(*s from 
D. ncninanni the basal plate is sli«‘htly wider and also shorter, 
extending’ only to the third abdominal segment. No importanee (‘an 
be attached to this difference, however, in view of the fact that the 
basal ]date also varies in len<^th in males of /^. rongocnsis. As 
stated above, this species is closely related to tlie three fore^oin^ 
species. 



Fig. 5 .—Procnvicola hncuhita (Ferns), apical tergiU' of female. 

(ieiuis Dasyonyx Bedford. 

In 19dl^ the writer included sevc^n s])ecies in this yenus. Two 
more are described below, brin,i»in^ the total nnmber of described 
species to nine. 


D((Kijoni/,r rahdif.s Bedford. 

Previous records .—Described as T richodetes lindfieldi fimu 
DeadroJiyrax adolji-friedei id, Belj^ian Conj^o, and from 1). validiis^ 
Mt. Kilimanjaro (Ferris, 19d0). 

Additional records .—Males from Deadrohyrax arborea, J^ort 
Alfred, Cape Province, 19dd (coll. It. F. Lawrence), and males and 
females from Dendrohyrax scheelei, Ukeke District, Tanganyika 
Territory, 8th December, 1910 (Brit. Mus. No. 11.4.2d.2.). 

Dasyonyx deadrohyrads (Ferris). 

Previous record .—From Dendrohyiax vahdus, Mt. Kilimanjaro 
(Ferris, 19d0). 

Additional record .—Males have been taken off the same host 
species, Kilimanjaro, dOth October, 1884 (Brit. Mus. No. 85.1.17.8). 
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Dafiyo7iy,r windhvki nov. sp. 

0 and 7). 

Males and females from Piocavla wiiidhuln, Nanklnft, 1,300- 
1,500 m., Soii<h-West Afri(*a, lOth December, 1933 (coll, K. Jordan), 
and from Procavia s])., ()<josou^omba, Waterberj?, Sonth-West 

Africa (coll. K. Jordan). 

Holoiyj)e, a jnale, and alloiype from windhvki will i)e 
deposited in the British Museum colleclion. 

This s])ecies is closely related to 7), ovalis Bedford, described 
from 8])ecimens iaken off Pmcavia roomhai, Weltevredeii, Parys, 
Orange Pree State. Both males and females of 7>. (milis i)Ossess a 
small process on the posterior mar^^iii of each temple; these bein^? 
absent in />. windhvki. The males can also be distinguished by the 
male pfenitalia; in 71. windhuki they are smaller, and the arms of 
the j)8eudo-])enis are shorter. 

Male: Lengih 1*1 to 1*17 mm., head 0*22 x 0*29. 

Female: Len^’th 1*26 mm., head 0*20x0*33. 



Fig. 6 .—Vasyonyx windhuki nov. sp., jnale genitalia. 

Fig. 7 .—Dasyonyx windhuki nov. sp., apical steniite of female. 



Dosyonyj; nairohieiisis nov. sp. 

(Fij?s. 8 and 9). 

Males and females from J^rocavia ma^kvndrri zelotesy "Nyon^, 
Nr. Nairobi, Kenya Colony. Holotype a male. 

This species is very (dosely related to D, transvaatscrisis Bedford 
recorded from Procavia comnhsi and Heterohyrax grantd in the 
Transvaal. * 
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The female can be distinKRished by the shape of the two 
transverse sclerites on sterriite viii 7), and the two triangular 

scderites on Ihe apical tergite are slightly larger. 

The males can be distinguished by the genitalia and the 
])resence of two transverse scderites on tergites iii-vii, whereas in 
T), tranHvaah'ih^h there is only one transverse sclerite on tergite vii; 
these sclerites also differ slightly in shape iji these two sjiecies. 

The genitalia are larger than those of D. trani>v(tnlmsu and the 
endomeres are of a different shape and united in front by two c»mall 
scderites; immediately above these is a small longitudinal selerite 
wliicdi is likewise absent in the genitalia of 7>. irons coal criRiii. 
Preputial sac with numeimis minute s])ines. 

Male: Length 1 *4 mm., head ()-2S-0 ;U x () d5-0-8(). 

Female: Jjength l n\m,, head O-29-O dl x 0*38-0*4. 



Fig. 8.— Dasyoni/x nairobiensis nov. sp., male.* genitalia. 

Fig. 9.— Dasyonyx imimhiensis nov. sp., apical sternite of female. 


Genus pKOCAVicnrLrs Bedford. 

Procovfphihfs (/ran ulatirs (Ferris). 

Previous records ,—Females from Dendrohyra.r adolfi-friedericty 
Belgian Congo (Ferris, 1930), and D, arhoren, Pori St. elohns, Cape 
Province (Bedford, 1932). 
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A(iditi(m(d recordfi, —FemaleB from Dendrohyrax crawshayi Thos. 
Solai, Mt. Kenya, Kenya Colony (Brit. Miis. No. 11.4.7.11)1); 
b, srheelei Matsrh, Ukeke District, Tanganyika Territory (Brit. 
Mus. No. l\A.2f].2), and />. dvhhnanni Matsch. Burumba, Ankole, 
Uganda (Brit. Mus. No. 4.2.0.:id). 

Procavicohi aermticvs (Hill). 

Preriovs records. —From Prornvia x/)., Mtabainl)lo])e, Natal 
(L. Hill, 1922); Proravia coomhsi Itbts., liooikrans, Transvaal 
(Bedford, 1.92(S); Primiina natalenHis Kbts., Knysna, ('a])e Piovince, 
and Procavla sp., Tiambej'ts Bay, Cape Province (Bedford, 19J12). 

Additional record .—One female from Prornvia^ wunUnihi, 
Naukluft, l,;300-l,r)00 m., Soutb-West Africa. 10th December. 1988 
(coll. K. Jordan), 


(xemis Bovhhit.a Fwiiig. 

Bovicola caprac ((xurlt). 

Trichiiodecfes climax Nitzsch, Germars Mayazinc Ent. Ill, p. 29() 
(18J8), no descii])tion. 

Trichodcctcs caprac Ourlt, May. /. qcs. Tierhcilh. IX, p. 8, nJ. 1. 
f. 2 (1848). 

Prichodccfcs cliviax (xiebel, Inseda Kpizoa, ]). 58 (1874); J^jagot, 
Les Pcdicnlines, p. 891, ])1. 2, f. 1 (1880). 

Trichodccies climax ear. Innicafa Piaget, ihid.^ ]). 8*98 (1880). 

Til the British Museum collection there are specimens taken off 
goats as follows: llesha, S? Nigeria; Hay, New South Wales; 
females and males (obviously stragglers) from Goeloyenys para 
(lodent), (xeorgetown, British (xuianu (coll. J. Podney); Malta (coll. 
A. (.bitieii), and one female, Artie liegion. ALso the following in 
the IMaget collection : Three females and one male from “ une 
clievre’’; males, females and immatnie forms (types of T. climax 
var. trurirata) from “ une chevre de Java six females, one malt' 
and one immature specimen from Gapra hi reus, and four females 
and one male off Capra hirciis var. indica. 

Bovicola major (Piaget). 

Trichodecies climax var. major Piaget, Les Pcdicitlincs, Sup})!., 
pp. 8()-87, pi. 9, f. 5 (1885). 

Trichodcctcs painei Kellogg and Nakayama, Psyche, xxi, p. 90, f. 1 
(1914). 

In the Piaget collection (now in the British Museum) there are 
four temales and two males (mounted on two slides) from Capra 
anyortciisis labelled Trichodeefes climax. These are most probably 
the tyj)es of the var. major as there are no specimens labelled var. 
major in the collection, and they are from the same host. As they 
jnove to be the same as B. painei described by Kellogg and 
Nakayama, B. painei therefore becomes a synonym of major, 
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Harrison (191G) sank major as a synonym of B. limJnifas (Gervais), 
(liscnssed under B. crassi'pes (lludow), probably beoanse it was 
recorded from ('a pi a- anporiensis, and ho was under the impression 
tliat Angora goats only harboured one si)ecies, but there are two 
species parasitic- on these animals. Moreover, Piaget’s figure of tlie 
female of major agrees witli his spec*imei»s labelled T. climax from 
(\ anporici^ps^ but not with tlie second species, B, crassipen^ which 
is very distinct. 

There aie alscv s]>e(*imens in the Hritisli iluseum collection taken 
oh a goat, Jmboden, Ark. ((udl. B. (\ Marshall); goat, llmiusler and 
females without data. 

Tin’s s])ecies is normally jiarasitic on Angora goats, but 1 have 
also taken it off Boer goats along with B. raprav Gurlt. 

Bor leaf a rrnssipcs (liudow). 

'frirhm/irf us rrassipcs Biidow, Zeit f. \afur., XX\'ll, p}). Ill- 
112, pi. 7, f. 1 (18(i(i). 

7 nrhmlcrtcs penicillatus Piaget, IjVs Pidirulincs, pj). 400-407, pl. 
02, f. 10 (LSHO). 

Trichodcctcs pilosus Piaget, ihid, ])p. ^95-090, pl. 02, f. 4 (1880), 
ncc, Gicdiel (1874). 

7'richodcctcs hermsi Kellogg and Kakayama, 7\ujchiCj XXII, p. 04 
(1915). 

Gervais {liistoiic Mafurclle dis Inscctis Aptcrcs, 1844, 111, 
p[). 010-014, [)1. 48, f, 0, 4) described and figured two species found 
on Angola goats, namely, T, climax and T. hmhafus. The descrip¬ 
tion and fig'ure of the former are very inaccurate, and do not agree 
wit li any of the known sjiecies foumi on goats. For instance, there 
are no transverse bands on the dorsum of the abdomen in the female, 
the first segment of the male antenna is much too large, and the 
trabecula-like iirocesses are very different to the othei* species. It 
should therefore be discaided. It is certainly not the same as 
T, climax, recorded without description by Nilzsch in 1818, and 
also by Gieliel (1874) and Piaget (1880). These sjiecimens were all 
rec’orded from ('apt a hi teas and are B. caprac (Innn.). Geiwais’ 
T, hriihatiis should likewise be di-carded as it is im[)ossib]e to be 
certain whether it is the same as B. major oi* B, crassipcs. Had it 
been iiossible to identify l\ climax (icrrais it w'ould have been 
]>ossible to identify 1\ Hmhafus., Gervais states that the body of 
7’. climax is larger than that of T. Hmhafus, imli(‘ating that the 
former is the same as 7\ crassipcs. Fveu if it were [lossible to jirove 
this, the name T. climax Gervais (!Ould not be used instead of 
7\ crassipcs as the same name was used earlier by Nitzsc.h for a 
different insect. 

Kudow’s figure of 7\ crassipcs is much better, and there can be 
no doubt that it is the same species as was described later by Piaget 
as T. penicillafas and by Kellogg and Ifakayama as 7\ hermsi, 
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The female and male described and fif>*iired by Piaget as 
T, pllosy.s from a horse likewise ])roves to be thiwS epecies. In addition 
to these there are five females (mounted on two slides) in the Piaget 
riolleeHon (now in the British JVluseiiin) labelled T. pilosus which 
prove to be B, equi. The ty])es of B, pilosus (Piaget) must either 
have l)een stragglers or the si)eeimens Avere incorrectly labelled. 
The same ap])lies to B, penicillntvs (Piaget), which is also a synonym 
of B, rmssipes, and was described from a female and Jiiale (now in 
the British Museum) reported to have been taken off Petropnle 
( z i^facropus) pfulcillatvs. There are also s])eciinens in the British 
Museum collection taken oft' a goat, linbodeii, Ark. (coll. B. C. 
Marshall). 



Fig. 10 .—Bovicola thoniijsoni nov. sp., female. 


Bovicola fhompsoni nov. sj). 

(Figure 10). 

Several females and immature specimens were kindly forwarded 
by Mr. Gordon B. Thompson of the British Museum taken off 
Nemorrhaedvs {^Capricornis) sumatraensis Bechstein, Barisan, 
Bukit,. Sumatra, July, 1925; The holytype will be deposited in the 
British Museum collection. 
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Female .—Total leiiolh 2*22 miu., head 0-61x()-7 mni. Fore¬ 
head with the aiilerior iiiarj^in c‘oiicave; temples brown with dark 
brown spots which are invisible in mounted specimens, and with 
small processes on the posterior marj»‘ins. Abdomen j)ale with browui 
plates; ter<>dtes i-vii each with a median transverse plate and a single 
roAV of sho]*t setae; on the apical tergite theie is a ])late with four 
setae on each side; sternites also w'ith a row of short setae, but 
transverse ])lates are absent except on stornite vi; i)aratregal plates 
well develoi)ed. 

B. thom/psoui, which is one of the largest species of Booicola 
known, closely resemble B. Inlh lledford, B. marlinaf/1 ia nov. sp. 
and B. adenota nov. sp., but the pjesence of [)rocesses oji Ihe tem[)les 
at once distinguishes it from all otJier known sj)ecies of Btnucola. 
Similar ])ro(a‘sses are anly known to be ])resent in certain s})ecies ot 
1hich()de(‘tidae parasitic on J^rocaviidae. 

Bo vi col a lit Hi lied ford. 

J^rcriott.'i record .— From Kohus elH jua prifmmts (waterbuck), 
Fnifolozi, Zulnland (Bedford, lDd4). 

Add itfonal record .—Specimens have been received from 
Mr. (j. 11. F. Ilopkirus taken oil Kohtt.^ defat^sta^, Kaiso, Uganda 



Fig. 11 .—Jiovicola mariinaglia nov. sp.. head and thorax of male. 

Bovicola Taartinaglia nov. s]). 

(Figs. 11-M). 

Males and females were sent by Ur. G. Martinaglia taken off 
Onotragvs leche in the Zoological Gardens, Johannesburg. Holotype 
a male, 
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l\faU ,—Total length 1*8 inin.: head 0*42 x 0*43 mm. Forehead 
with the anterior marjsin (joncave; the longitudinal sclerites on the 
venter terminating in a spinose process in front of the base of each 
mandible. Antennae with the fiist joint enlarged; the second joint 
the shortest, the third with a row of minute spines on the inner 
margin. 

Mid tibiae very slightly longer and narrower than the hind 
ti])iae. Beneath the anex of each hind coxa there is a small transverse 
scderite. 



Fig. 12 .—Bovicola martmaglia nov. sp., apical sternit(‘of male. 



Fig. 13 .—Bovicola martinaglia iiov. sp., apical tcrgites and sternites of female. 


Abdomen with the laterial margins crenelated, broadest at the 
third and fourth .segments; a[)ical segment broad at the apex with 
the jKisterior margin concave. Tergites i-vii brown with a single 
row of short setae, and tergites ii-iv each with lateral intersegmental 
furrows. Sternites i-vii brown, except for a narrow space between 
the median bands and paratergal plates; each wdth a single row’ of 
short setae. Paratergal plates well developed. Spirames large. 
Genitalia as shown in Fig. 12. 
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Female .—Total length 1(>4 mm.; head 0-3Sx0-4?l inni. Diffej’s 
from the male as follows: The first two antennal segments are small 
and subsecpial, the third sli^ditly longer than eilher the first or 
se('ond. I'he median hands on the ler^ites and sternites are Jiarrower, 
and the a])i(ail abdominal segment (shoAvn in Id) is of a dilferent 
8ha])e. 

This s])eei(vs is closely relaied to D. thornpsoni lledtord, B. hil/t 
Bedford, B. paneta (Pia^‘et) aiul B. adcnofe nov. s]). The male can 
b(‘ di^^-tin^iiished l)y the apical abdominal se^mieni and f>*enitalia, and 
the female by the shape of the scleiite on llie ajiical slernite and the 
^ono])oj)liyses, which are narrower and liavt* shoiier and few(*r setae 
on Iheir inmn* margins. 




Fig. 14. Fif^. 15. 

Fig. 14.— JioTivoJa odenola nov. s>p., head and thorax ot male. 

Fig. J5 .—Jiovicola adcnoia nov. .sp. male genitalia. 

Bnrleolfji (I'leiiofa nov. sp. 

(Ki«s. 14-17). 

Males and females were kindly sent by Mr. (j. II. E. IJojilcins 
taken off Adenofa koh, Kazinga, Uganda. Bolotype a male. 

Male .—Total length 1*85“1*9() mm.; head 0 4-() ‘J^2 x 0 42 mm. 
Forehead with the anterior margin slightly concave, the longitudinal 
sclerites on the venter terminating in a spinose process in front of 
the base of each mandible. Antennae with the first joint enlarged, 
the second joint the shortest, the third with a row^ of minute sjiines 
on the inner margin. 
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Mid tibiae very slightly longer and narrower than the hind 
tibiae. Beneaih the a])ex of each hind coxa there is an elongated 
narrow sclerite. Abdomen elongated, with crenelated lateral 
margins, broadest at the third segment; apical segment broader in 
front than behind, with the ]) 08 terior margin rounded. Tergitea 
and sternitea brown with a single row of setae, the former with laieral 



Fig, 16 .—Bovicola adenota nov. sp., apical tergites and sternites of male. 



Fig. 17 .—Bovicola adenota nov. sp., apical tergites and sternites of female. 


inter-segmental furrows, these being more developed on tergites ii-v. 
Parateigal plates well developed. Male genitalia with the parameres 
short and curved; endomeres larger and elongated; basal plate with 
two elongated sclerites near the middle; preputial sac with numerous 
small spines. 
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Female .—Total lengih ]-8tl-l*87 inni., head 0-4J3x0'47 oim. 
DilVers from the male as follows: The first two aniemial so{>-moiiis 
are short and suhequah the third very sli^litly longer than either 
the first or second; the sclerites heneath the hiad coxae are much 
shelter, and the hands on the abdomen are sJimller. 

This species is closely related to the three fore^ouit^ s])e( 3 ies from 
whi( li it can be distin^uislied by the sliajie of the forehead, the 
anterior of AAhich is less (^()nc.a^e. Other distin<;*iiishinn‘ characters 
ar(‘ to be found in th(» male genitalia, and tli(‘ apical abdominal 
segments of the female. 


Genus Gaaialixia Mjolieig. 

Damalitiia forjirt/la (Piaget). 

Truhodvcica f<n‘ficiila Piaget, Ac.s- Fedicvhncs, ])p. 4()0-40Lb ])1. 
f. 7 (1880). 

Firvfaus rcrord.— Fioni Cerrus Zoological Gardens, 

Itot lei dam. 

Additional record. — SjM‘cimens have lieen rcciMVcd from Dr. G. 
Martinaglia who took them olf (Jerri/s a.ns in t he Zoological Gardens, 
Johannesburg. The liosi came from (kihiilta, India. 


Danialinia lurplKinm nov. sj). 

(Figs. J8 and 19). 

Two males leceived from Air. G. 11. hb Jlo])kins taken off an 
eland {TauroiKKjns on/,r jjaftersonianths') al Gavaza, Uganda, 25111 
July, 19d4. 

J/^//c.—Total length 2-15-2*2 min.; head 0*28x()*2b mm. 
Forehead with a U-slia])ed notch in front. Anttmuae with the first 
segment long and bioad, the second and third subequal. Mid tibiae 
slightly longer and narrower than the hind tibiae. Abdomen 
elongated, with crenellated lateral margins, widest at the third 
segment, and ending posteriorly in two long cJiitinous lobes. Tergites 
i-iii eacJi with a single brown median sclerite, tin* first two more 
(diitinous on the median j)ortion of their jxisterior margins, where 
they ])r()ject backw^ards on eacdi side of the middle, forming two short 
s])ines. Tergites iv-vii each wdth two median sderites. Ihiratergal 
])lates well develoj)ed. Prothoracic and abdominal s])iracles large, 
provsent on abdominal segments ii-vii. Genitalia with the basal jdnte 
long and narrow*; parameres very small; jireputial sat* wdth numerous 
minute teeth. 

This species is (doscst to D. forfioda (Piaget) and D. theileri 
lledford from which the male can be distinguished by the ]josterior 
margins of tergites i-ii, the genitalia, and the a])ical abdominal 
segment. T). theileri is a much larger s])ecies. 
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hophinsi nov. sp., apical tcrgitas and stcrnites of tnalo. 
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(Teiius Tkichodectes Nitzsch. 

Trichodectes avails Bedford. 

Tnrhodfries avails Bedford, Rrpfs. IJIr. Vet. Edur. Res., Un. S, 
Afr., XlIl-XIV, 1). 841, 1)1. 1, f. 1, d; 1)1. G, f. 13 (1928). 
Pf eviovs reronls. —Fioin PaerlUnjalc alhlnucha, Orulerstepoort 
(Bedford, 1928) and Jrfony.r sfriatus, Soulh-West Africa and Natal 
(Bedford, 1929;. 

Add if tonal /77*o/’^/.--S[)e(*inu*iis received fioiii Mr. (r. Jl. K. 
Hopkins taken oft Irtonp.r stnatus, Mt. Sal)inia, Ki«>ezi, TToanda, 
24tli November, 1934. 

In view of the fact that T. oralis has been found three times on 
I ('ton If,r si i tat us ajid a new species on Porrtlotjale dotjgetl^ I feel 
(‘onvinced that the host from which the type specimens of (trails were 
(‘ollected w\as misideniitied by tlie writer. 

TrlcliO(l(a'trs U(jandensls nor. sp. 

(Fios. 20 and 21). 

1\vo females and one male kindly sent by Hr. (x. IT. K. Hopkins 
taken oft Pornlopalr dofjf/etti Thos., Ht. Sabinia, Ki<»’ezi, TTpriiuda, 
23rd November, li)34. Ilolottjpc the male. 



Fig. 20.- ~Tr'n'l\(nhvfes ngandfinsis nor. .s//., abdeinen ot male. 

This species is very closely related to T. oralis Bedford, from 
which it mainly difteis in the chaetotuxy of the abdomen, the shape 
of the sederites on the apical tergiles in the female, and male 
genitalia. 

J/c//c.—Total length 103 mm., head 0-31 x0’3G mm. Forehead 
slightly rounded iji front with a shallow median notch; the lateral 
sclerites ])roject backwwds for a short distance in front wheie they 
are separated by a clear s])a(‘e, and terminated in a short sjiinose 
process in front of the antennae. In front of each eye there is a 
dark sj)ot. Temples rounded, with a narrow^ marginal sclerite. 
Occipital sclerites dark at their bases wdiere they are connected by a 
narrow sclerite. Antennae wdth the segments sub-sequal in length, 
the first segment with four short setae on the dorsum near the apex, 
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Piothoruj: bioader than louf?, with a single seta on each side of 
ihe mevson, and two short ones on each lateral marf»in. Pterothorax 
broader thaji jirothorax, W’ith three '^etae at each latero-antenor 
inar<>*in. 

Lcf/s shoit, the coxae widely sepaiated, evs])eciall> the mid and 
hind coxae; between the fore and mid coxae theie is a nanow* scleiile 
wdiicdi broadens po-teiiorly between the mid (*oxae. 



Fiji. 21 .—Tnrhodcctcs vgnmlnisifs nor. s/>., abdomen ol ieinaU*. 


Ahdontm oval, slig’hlly wider at ihe third sej^inenl tlian lon^^ 
Tergites i-vi each w^ith a narrow, median, transverse scleriie; beneath 
the lateral niar|;?ins ot the fiist two sclerites there aie three well- 
(leveloi)ed vseiae, and beneath the remaininjj^ four scderites there is one 
short seta on each side. Sternite i with a median transvejse row* 
of eight setae and three on each side; sternites ii-v with six inedian 
setae, the lateral ones short except on the third, and two on each 
side; sternite vi with four median setae and two on each side, and 
sternite vii with two median setae. Paratergal plates absent, except 
on the first segment. Spiracles large, present on the prothorax and 
abdominal segments ii-vi. 


Female ,—Total length 1*36 mm.; head 0*35x0*42 mm. Head 
as in the male. Antennae slightly narrow^, the a])ieal segment longer 
than either the first or second segment^ Pro- and jdero-tliorax as 
in the male, except the latter has one or two setae on each side of 
the meson. 
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Abdomen elliptical, without sclerites, except for an inconspicuous 
median one on the sixth terj^ite, a narrow iransverse sclerite in the 
middle of ilie seventh, and a short transverse one on each side of 
the eighth ler^ite. Termites i-v fuich with a median row of six to 
eiffht setae and from one to five oji each side; termite vi with four 
median setae and five on each side, and tergite vii with two median 
setae. Sternite i with a median row of ten setae; sternite ii with 
six; sternile iii with six long' and two short on eacli side; sternite iv 
with eight long and three siiort on eacli side; sternite v with six 
long and three short on each side; sternite vi with two long and two 
short on ea(*h side, and sternite vii with two short setae. 

lloth the males and females of this new species can bo 
distinguished from those of T. oralis by the setae on the abdomen 
being less numerous botli on the dorsum and venter. In the female 
of T. oralis the transverse ‘«clerite on tergite vii is stright, and on 
tergite viii there is a sijigle median transverse S(derite. 

In addition to both T. oral is and 7\ itijandnisis the following 
species also have the lateral sclerites on the forehead terminating 
2 K)steriorly in si)inose processes: 7\ ranis (Degeer), T. potus AVerneck, 
T. nirlis (Fabr.), 7. rosscirri Stobbe, 7\ orfoniarulafiis Paine, 
T. harharar Nen., 7’. (jalirtidis AVerneck, l\ mnstclae (Sclirank) 
and 7'. pall id ns Piaget (synonym 7\ nasiiatis ()sl>orn). Similar 
jirocesses are also piesent on the venter of the head at the bases of 
the trabecula-like ju'ocesses in the majority of the above sf)ecies. 

7'rirho(lr(ies i/ahctidis AA^erneck. 

Trivhadi rtrs nirphitidis Xeumann, Archir. Parasit, XA", p. t)l8, f, 10 
(1911), ncr Packard, 187s?. 

*r richod fries tjaliriidis AA^erne<k, Mem, Instif. (istcaldo Crvz, 
XXA^Tli, i, p. l(u\ t.f. 1-5 (19:M;. 

Peer ions rerords. —From Galictis quiqni, (^hili and Ifedictis 
cmrrrfti (Xeumann, 1911); also from Galirtis vittata, lirasil 
OVerneck, 19^4). 

Additional record. —S])ecimens kindly sent by Air. L. II. Dunn 
taken oft* Grisonia canaster (Xelson), Pacora, Panama. 

(lenus Lorisicola nov. 

Small species. Head much broader than long; forehead short, 
with a very narrow, shallow notch in front; sclerites on lateral 
margins with a backward ])rojecting spinose process midway between 
the anterior margin and trabeeulu-like processes. A pair of similar 
])rocesses on verter of head in front of the mandibles. Pharyngeal 
sclerite present. Pterothorax very broad, wu’nged at the antero¬ 
lateral margins. Abdomen with paratergal plates, those on the third 
segment the largest and lobed as in species of Procavirola found 
on rock rabbits. Tergites and sternites with narrow median 
transverse bands. Spiracles present on abdominal segments ii to vii. 
Genital plate of female with two Imckward-projecting sj)ines on each 
side. Gonopophyses of female narrow, with a few short setae on inner 
margins, Male with large genital plate; genitalia with parameres 
forming a pseudo-penis. 
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SpeciCvS found on Asiatic lemurs belonging to the sub-family 
Lorisinae. 

Gcnotypc. --Tnrhodectes mjobenji Stobbe. 

Triidiodrctvs ahufumis Ewing, described fioin a mule taken off 
Le/mvr rnfus, Madagascar, aj>pears to be veiy distinct, and cannot 
be included in this genu-'. 

Loii.slcola mjdbcifji (Stobbe). 

Trichodeat(\s uhjobvt^tfi Stobbe, Sitz^Utr. (Jes, ruit. Frcuiulr, ]). ?J79, 
f. 8 (1918). 

Tri('h()dcvtvs biarlnjnphalus Ewing, Piac. Eni, Soc. Wash., 
XXXII, vii,'i). 120 (1980). 

Prrvltnfs rrcord.s. —Both sexes from Nyctirrhus hroncdHus, NortJi 
Bitnico (Stob])e), and a male otf Nifvtivebu.s concainj, Johor Lama, 
Malay Peninsula (Ewing). 

AddiUonal record .—Both sexes Irom Nyriiccbus buhv, West 
Coast, Sumatra (sent by Mr. (L B. Thom])-on). 

Cxenus CKniDicoEA nov. 

Luige s])ecies. Ifead slightly broader than Jong; toiolu^ad 
elongaiefl, sub-triangular, with a dee]) notch in front; scdentes on 
lateral margins united in front, where they broaden out behind the 
not(‘h, with {armatus) or without {.subaniuifus) backward ])iojecting 
])roeesses anteriorly and ])Ohteriorly. Pharyngeal sclerite ]ir(‘sent. 
Abdomen with ])aratergal j)lutes and Jiarrow, median, traiisverse 
bands. S])iracles ])resent on abdominal segments ii-vii. (iono- 
])Oi)hyses of female broad, with numerous setae on their inner 
margins. Male genitalia with the jiarameres projecting outwards, 
then backwards and inwards, but not forming a i)seudo-penis. 

S])ecies found on American sjiider monkeys. 

Genotype.—Trichodeetes arrnatns Xeuinann. 

Tnchodcctes snhai ttwins Neumann must also be included in this 
genus. 


(lenus Felicoea Ewing. 

Felicola Ewing, A Manual of External Parasites, pi). 122, 192 
(1929). 

SvricMoecns Bedford, Para sit, XXIV. 

Felicola cooleyi Bedford. 

Previous record .—From Suricata svricatta hamiltoni, Ih'etoriu 
District, Transvaal. 

Additional record .—Specimens received from Mr. G. II. E. 
Hopkins taken oft' Mungos imingo colonus, Uganda. 
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llie types are not as well developed as are the specimens from 
M, vmngo colotivs^ whicli ])rove to be typical Frlirola, Surirnfoecv.s 
must, therefore, be sunk us a synonym of Fclicoin, 

Fclicola zeyloiiica nov. sj). 

and 2d). 

Males and females received from Mr. (lordoii if. Thomj)son taken 
off Ifcrpestcs rililralhs, (lamniaduwa, Moiisakande, Ceylon (c-oll. 
W. W. A. Phillips). The holotyjx^, a male, and allotype will be 
de])osited in the British ]\ruseum collection. 




Fig. 22 .—Fclicola zctflumat iu)\. sp., male. 

Fig. 2»t .—Felicold zeylonica nov. sp., apical sternites of f(‘male. 

Male ,—Total length 1()2 mm.; head ()-47x()*5 mni. Head 
and thorax of usual form, similar to F, ratnmci (Stobbe). Abdomen 
gTadually tapering* to a ])oint posteriorly from the third segnient. 
Tergite i without a medijin transverse band, with two vsetae in the 
middle, and four shorter ones on each side of them. Teigiies ii and 
vi to viii each with a median transverse band; on tergites iii to v 
the bands are dnplioated. Sternites with indistinct median bands; 
sternite viii with a small sclerite on each lateral margin. Paratergal 
plates present on segments i to iii. Spiracles large, present on 
segments ii to v. Genitalia with the paraiiieres short, narrow and 
curved; endonieres elongated; preputial sac with numerous minute 
and narrow, elongated spines. 
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.VOTES ON SPECIES OF TKICHODECTIDAE. 


Fewnle ,—Total length I TcS min.; head 0-54x0 r)7 mm. Head 
and thorax as in ilie male. Aniennae with the first segment slightly 
shorter than the seeond, which is eiinal to the third segment. 

Abdomen oval, widest at the third segment. Tergite i with six 
setae in the middle. Tergites ii to vii each with a long, median 
transverse band and a transverse row of minute setae; tergite viii 
AN'ith a basal transverse band which ])rojects bu(*kwards to a point in 
the middle and broadens out on each side; on the posterior margin 
there is a row of nine to ten setae. Sternites iii to vi each with a 
transverse row of short setae; apical sternites as in Fig. 23. 
Paratergal ]>lates j)resent on segments i to v. 

This species is closeh related to F, rannnci (Stobbe), from 
which the male can be distinguished, infer alia, by the ])reseiice oi 
two median bands on the third tergite, the basal band on the eighth 
tergite is short and does not extend to the lateral margins, the 
lateral plates on the eighth sternite, these being absent in rammei, 
and the parameres are much shorter. The female can be distinguished 
from that of rammei in i)ossessing a triangular sclerite on each side 
of the meson above the gonoiK)phy«es. 


F cl i col a fnihrostrata (Jfitzsch). 

Previous records ,—From domestic cats in Europe, America and 
South Africa. 

Additional record ,—One female sent by Mr. ft. B. Thompson 
taken otf a wild cat, Felis silvestfis (jrainpis (Miller), Dundonnell, 
Wester Boss, Scotland. 

Fell cola ho pk in si nov. sp. 

(Figs. 24-26). 

One male and one .female were received from Mr. ft. H. E. 
Hopkins taken off Nandinia bi/wtata arhorae, Kampala, Uganda, 
13th September, 1933. Holotype the male. 

Male ,—Total length 113 mm.; head, 0*31 x 0*31 mm. Head 
similar in shape to other species found on genets. Antennae with 
the first segment about as long aa the second and slightly broader. 

Prothorax with very large spiracles, and one minute seta on 
each side of the meson. Pterothorax with three minute seta on the 
lateral angles. 

Abdomen gradually tapering to a point from the third segment, 
Tergite i with a thick seta on each side of the meson and a small 
sclerite above it; tergites ii to iv each with a median transverse 
band, one minute seta on each side of the meson, and three or four 
lateral to these; tergite v with two median transverse bands, a pair 
of adinedian setae between them, and three on each side; tergites vi 
and vii each with one median band, two admedian setae, and four 
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or five on ea(‘h side. Apical ler^ile elon^'uled, wilh a loniiitiulinal 
band nn eacdi side of the meson, and several setae at the apex. 
Sternites without bands. Parater^^al jilates jiresent on seo-inents i to 
iii. S])iraeles absent. (Jenitalia with the basal jilate short, 
jiarameres united, forniin«‘ a looj); eiidoineres vor\ long and slender. 



Fiji;. 24 .—FcJicnla hoftkinsi nor. sp., male. 


Fcvidle .— Total length 1^8 nmi.; head O doxO dti mni. Hoad, 
antennae and thorax as in the male. Abdonuni elongated oval. 
Tergites i to vii each with a median transverse baud lerininatin^ 
in a narrow up-c\irved ]K)int, exceiit those on the basal segments, 
sternites without bands, except for a small one on the sixth sternite. 
Apical sternite with a bi-lobed sclerite between the gonojiophyses. 

F. hopkhf,sl resembles F. acuticeps (Neumann) (synonym 
F, (jenetta (Bedford), which is aLso parasitic on genets, in the shape 
of the head. The male of F, hophiftn can be distinguished by the 
bands on the tergites, the ajncal abdominal segment being long and 
pointed, and the male genitalia, which are very distinct. The female 
can be distinguished hy the jdate on the aiiical sternite. 

Specimens of F. acvitceps were received from Mr. G. IT. E. 
Hopkins taken off Genetta iiprnia stuhhnanniy Kigowa, Uganda. 

65 



XOTES ON SPECIES OF TUICIIODECI lDAE. 



K)g. 25 .—Felicola hopkinsl nov, sp., venter of head of female. 



Fig. 26 .—Felicola Iwpktnsi nov. sp., apical sternite of female. 

Host List op the Species of Tjuciioijkctjdae pound on Procaviidae 

Oendrohyrax adolfl-friederici Brauer. Belgian Congo, Uganda. 
Evrytnvhodectes 2 ^cira(lo,vus Stobbe. 

Frocavicola iniivlrgata (Neu.). 

Frocavivola nevmanni (Stobbe). 

Froraclcola eongoansis (Ferris). 

Dasgonyx ralidus Bedford. 

Frocaripltilus granulaius (Ferris). 

Oendrohyrax arborea (A.v Smith). South Coast of Cape Prr)vince. 
Fromvicola univirgata (Neu.). 

Froravirola neunmrmi (Stobbe). 

Dasyonyx valid us Bedford. 

Frocuviphilus granuJatus (Ferris). 

Oendrohyrax bocagei (Gray). South West Africa. 

Frocavivola univirgata^ (Nen.). 

Frocavivola angolensis nov. sp. 

Oendrohyrax angolensis. Angola. 

Procavieola univirgata (Neu.). 

Frocavivola angolensis nov. sp. 

Oendrohyrax crawshayi Thos. Kenya Colony. 

Frocavivola univirgata (Neu.). 

Procavieola neumanni (Stobbe). 

Procaviphilus granulaius (Ferris), 
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Dendrohyrax neumanni Matsck. Zanzibar. 

Vioravicola haculaia (Ecrris). 

Dendrohyrax scheelei Matsdi. Tanganyika Territory. 

Frocavicola unirirgala (Nen.). 

J^roravtcola neumanni (Stobbe). 
l)as\/aniid' rahdus iiedtord. 

Prora rip/iilus (jraniilatus (bVrris). 

Dendrohyrax stuhimanni Maisdi. Uganda. 

Prora ricola nn irinjaLa (Non.). 

Prorarirola neumanni (Slo})bo). 

Proraneola eo7if/ocnsis (Ferris). 

/ ^ ro t a V f n 1 1 i / u s // m n u la f us {F eir i s). 

Dendrohyrax validus True. Kilimanjaro. 

Prora neoUl ronfjoensis (Ferris). 

I^r(n aviroJa haeulata (Ferris). 

J)asifoni/,r rahdus lledibrd. 

Dasjjinnj.r dendroh ijrans (Ferris). 

Dendrohyrax sp. Loi ality? 

EuriftncJiodectrs paradojcus Siobbe. 

J^rorarrola uni rir<j(tfa (Nen.). 

J^iorancola neumanni (Stobl)e). 

Heterohyrax brucei bakeri ((iray). TTganda. 

P i ora rirola sp. Recorded as P, siernafa< (Bedford). 
Proravi}diilus ferrisi Bedford. 

Heterohyrax granti WrouglHon. Korfliern Transvaal. 

]*roeavirola hndfieldi (Hill). 

Prora rirola hetrrohyrans Bedford. 

Daspotuf.r transraahm.sis Bedford. 

Procariphilus sclrrotis Bedford. 

Heterohyrax pumila rudolfi (Thomas). Konya Colony. 

Pi ora riphilus ferrisi Bedford. 

Heterohyrax ruddi (Wroughfon). Northern Transvaal, Forfuguose 
East Africa. 

PforariroJa hndfieldi (Hill). 

Procaru ola emarpinaia Jledford. 

Dasyonyjr oeulatus (Bedford). 

ProranphiJus rohertsi (Bedford). 

Procavia ooombsi Roberts. Transvaal, Orange Free State. 
Procavirola pretoriensis Bedford. 

Das yon yx oralis Bedford. 

Dasyonyir ironsraalensis Bedford. 

Procaviphilus serratieus (Hill). 
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NOTES ON SPECIES OF TRICHODECITDAE. 


Procavia mackinderi zelotes. Kenya Colony. 

Danyony^r naiiohieiisis nov. sp, 

Procavia natalensis Roberts. Peak, Swaziland; Deepdale. 

Kulal; Grahainstown and Knysna, Cape Province. 

Frocavicola lindficldi (Hill). 

Procavicola natalensis Bedford. 

Prorav'i'pItiJus serraticvs (Hill). 

Procavia waterbergensis Brauei*. South West Africa. 

Dasyouyx waierheryensis Bedford. 

Procavia windhuki. South West Africa. 

Dasyonipr Jordani nov. sp. 

Procaviphilas ser rat tens (Hill). 

Procavia sp. South West Africa. 

Dasyony^r Jordani nov. sp. 

Procavia sp. Mtabamhlope, Natal. 

ProeavieoUh lindfieldi (Hill). 

Procavicola sternaUi (Itedford). 

Procavia sp. Mount Pletcher, (Jape Province. 

Procavicola suhparva Bedford. 

Procavia sp. Lambert^s Bay, (Jape Province, 

Procavicola parva Bedford. 

Proca/tnpkilns serraticus (0111). 

Procavia syriacus (Sehreber). 

Dasyo n yx Jia can th vs (Ehrenberg). 
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New Species of Linognathus and Polyplax 
( Anoplura). 

By (t. a. H. BKDFOKl), Section oi P.nasitoloj^*^ , Ondei s1e])ooit 

Linofjnafhus pdf us nov . sp 
(Fi(,s 1-2 ) 

Mates and leiiniles taken oti Piha laptfolvs (Vaal Bheliok), !Naaun- 
pooit, V T\, 2()tl) 1922 ((oll. Aii'^lin Bolieiis), ^oloi^])e a 

male. 



NEW SrKC^IES OE LINOGNATHFS AND POLYPLAX. 


Female 1a). —Length 2*1 nun. Head elongate, the fore¬ 

head parabolic with a transverse band on the venter; antennae set 
v eil forward; hind head w*ith the lateral margins gradually broad¬ 
ening from })ase to apex; dorsum with a distinct, irregular vsclerotic 
pattern, the setae of medium length; pharynx with brushes, mouth- 
parts extending l)eyond i)osterior margin of the head. 

Thora.r shorter than the head; sternal plate absent. 

Abdomen elongate oval, the setae arranged dorsally and ven- 
tially into median and lateral groups. Spiracles large with distinct 
markings. Gonopophyses (Fig. 2a) elongate with a few^ short setae 
on their inner margins; genital plate spatulate. 



Fig. 2 .—Linoynathus peleus nov. sp., A. genital region of female; B. male 

genitalia. 


Male (Fig. In).—Length 1*6 mm. Head and thorax as in the 
female. Abdomen terminating posteriorly in a pointed process. 
Genitalia (Fig. 2 b) with the basal plate long and slender, likewise 
the purameres; endomeral piece w*ell developed. 

A very distinct species apparently belonging tO; the tibialis 
group. It can be distinguished by the shape of the head, the female 
genital region, male genitalia, and apex of the abdomen of the 
male. 
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Linof/furthvs damaliscus nov. sj). 


(Figs. 8-4.) 

Males and females (ineludirijk^ Hie liolotype, a male, and ailo- 
type) taken off Danuihacus alhifrona (blesbok), Zoolof^ical Gardens, 
Johannesburo* (coll. G. Martinafylia), and females off Datiudiscus 
dorras (Boiitebok), Bredasdorp, C.P. (roll. Austin Koberts) 



Fig. 8 .—Ijinoynuthus datnaliscits nov. sp,, iVniale (A) and male (B). 


Female (Fig*. 3a). —Length 1*75 mm. Head elongate; the fore¬ 
head acutely pointed with a transverse band on the venter; antennae 
elongate, set about the middle; dorsum with a distinct, irregular 
sclerotic pattern, the setae of medium length; hand head with lateral 
margins convex and sclerotic; pharynx with brushes; moutli-parts 
extending beyond posterior margin of head. 

Thorax shorter than the head; sternal plate present, very narrow. 
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Abdomen elongate oval, sparcely haired, the setae which are 
short and slender arran^^ed in normal pattern. Spiracles medium 
sized without markin^^s. Gonopophyses (Fig. 4a) small, rounded 
posteriorly, with a row of setae on their inner margins; genital 
plate subtriangular. 

Male (Fig. 3 j 3).—Length 1*55 mm. Head and ihorax as in the 
female. Abdomen terminating posteriorly in a short, broad lobe. 
Genitalia (Fig. 4n) with the basal plate long and slender; paranieres 
each with a i)ointed expansion on their inner margins and pointed 
at their apices; endomeral piece elongate, extending almost to the 
base of the parameres and pointed in front. This species belongs to 
ihe tibialis group. The female can be distinguished by the shape of 
the genital plate and gonopophyses, and the male by tlie genitalia, 
especially the shape of the endomeral plate. 



Lmofjnatlivs aepycerus nov. sp. 

(Figs. 5-6.) 

Males and females (imduding the holotype, a male, and alio 
typ^) taken off Aepyceros melamqnis (Impala), between Pretoria and 
Johannesburg; also females (mostly slightly immature) off some 
host species, Rustenburg District, Transvaal. 

Female ,—Length 1*85-2 mm. Head short and broad; forehead 
rounded; antennae situated slightly forward beyond the middle; 
hind head with lateral margins distinctly angulate and constricted 
posteriorly; pharynx with well-developed brushes; moutk-parts 
extending beyond posterior margin of the head. 
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Thora,v short and hroud, of ordinary form; siernal plate present, 
slender. 

Abdomen elongate oval, similar to other species of the hreviceps 
^Toup, the setae si)arse and short except tor a median pair on each 
se^immt dorsally and ventially; lonj^- niarn*inal setae present on 
segments vi to viii, and a single long seta near the spiracle on the 
second segment. Spirnolr.^ small. (Jonoph tfsrs (Fig*. (Ia) elongate 
with long* setae on ])osterior margin ; genital plate racquet-shaped. 



Fig. 5 .—Linognnthus aciyycerus iiov. sp., head of male. 


Male, —Length 1*19 mm. Similar to the female in general 
characters, except that the al)d()meii is pointed posteriorly. Genitalia 
(Fig. ()b) witli the basal ])late long and slender; paranieres slender, 
without notches on their inner margins; endomeral piece long and 
slender, pointed in front. This species belongs to the hreviceps 
group. Both sexes can be distinguished from L. anpidatvs (Piaget) 
by the shape of the head, and the male also by the genitalia. In 
the male of L, anpvlatus the paranieres are slightly notched at their 
apices. From other s])ecies belonging to the group the females <‘an 
be distinguished, inter alia, by the shape of the genital plate, and 
the males by the genitalia. 


Polpphhr svbfaferae nov. sp. 

(Fig. 7.) 

Males and females taken oft Taiera liodoa smithii^ Kampala, 
Uganda (coll. G. H. E. Hopkins). Holoii/pe a female. 

Female, —Length lvl4 mm. Head slightly longer than broad; 
antennae set close to the anterior margin, which is almost truncate; 
hind head with prominent iiost-anteniial angles and strongly con¬ 
stricted occipital region, lateral margin straight. Antennae with 
the first segment dilated. 



NEW SPECIES ()!• LINOGNATHTTS ANT) POLYPLAX. 

Thoma‘ about as lon^ as the head, with the lateral anj^les roundly 
convex; on the dorsum there is one short seta on each side above 
the spiracle and a long one on the submargin. Sternal plate as in 
fig. 7 h. Abdomen with the tergal and sternal plates short and very 
narrow, the tergal plates of the second and eighth segments each 
with about eight setae, and the remainder with about twenty or 
more setae. Sternal plate of the second segment with ten setae, 
those of the median segments with alKmt seventeen setae, and of 
tlie seventh six setae; betv,een the ends of each steinal plate on the 
third to seventh segments and the corresi)onding y)arate]*gal plates 
there is a single seta. 



A. B. 

Fig. 6 .—Linognathvs aepyjceiiis nov. sp., A. genital region of female; B. male 

genitalia. 



Pamfeiufol plates (fig. 7a) as follows: Those of the second 
segment distinctly divided longitudinally, each portion with a single 
seta, and the dorsal portion with a tapering process; plates of the 
third to sixth segments each with a small tooth at each jiosterior 
angle; (hose of the third and fourth segments each with a short 
ventral seta and a very long dorsal seta; those of the fifth and 
sixth segments with two very short setae; plates of the seventh and 
eighth segments small, especially the latter, each with two long 
setae, 

Male ,—Length 1-15 mm. Head about as broad as long, with 
the lateral margins of the hind head rounded, otherwise as in the 
female. Antennae with the basal segment much dilated and with 
the third segment strongly modified. Thorax similar to that of the 
female. 
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Abdomen as in ircnieri (Glink), except that the sternal 
plates are smaller, and there is only one seta on each of the median 
se|?ments between the sternal plates and the corresponding^ para- 
terp^al plates; also tlie lonj^ setae on the tliird and fourth i)ara- 
tergal plates are much l()nj»er, Ijoinj^ as lonj>‘ as the three following? 
seg-inents. Gcintalia as in l\ ivenierL This species belong's to the 
pme.c}m j^rou]), and a])])ears to be intermediate between l\ taterae 
I^eriis and 7^. treenert ((xlink). b'rom P, taterae^ P. praecisa and P, 
buenata it can be distinguished in having the short setae on the 
paraiergal j)lates much shorter, and the male also by the genitalia. 
From P. \eernvrt the male can be distinguished, apart from the 
<;haraciers given above, by the shape of the sternal plate. 



A. B. 


Fig. 7 .—PolypJax suhfaterae iiov. sp., A. paratergal plates of lemale; B. sternal 

plate. 
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Description of a New Species of Hippobosca 
(Diptera Pupipara). 


By (t. a. H. BEDFOBD, Section of Parnsilolopry, Onderstepoort. 


The ^‘enus Hippobitsca compriHes nine species, including* the new 
species described below. 

Hippobosca martinnyha. nov. sj). (Fig*. 1.). 

Five females and one male taken off impala, Avpycevoa melam^ 
pus (Lclit.), Bar U. Bamh, Swaziland, 2oth June, 1934, and 1st 
July, 1933 (coll. (1. Martinaglia and 1{. M. du .Toil). Ilolotype a 
female. 

A small species; length of A\ing‘ 4*5 mm. Head about as wide 
al the o(;ciput as at the fronto-clypeus, reddish-brown, the frontal 
.strij)e slightly darker; posteiior margin of liead fringed with 
minute, thick-set setae, and a long seta at the base of each eye; 
pal])i dark brown, clothed wdth sliort setae of the same colour. 
'11iora,r reddish-brown, with a median dark band extending back¬ 
wards almost to the transverse sutuie; this band is forked posteriorly, 
usually more so than in the figure, and in one specimen is completely 
divided down the middle by a narrow line; on each side of the 
posterior portion of the median band there is a dark transverse band. 
On each side benealli the tiansveise suture there is a narrow trans¬ 
verse dark band, and beneath this a small triangular spot, which is 
usually iiidisiinct and may be absent. At each latero-anterior angle 
there are two short setae, one on each side slightlj)^ distad and 
nearer tlie meson ; on each side alm'e the base of the wing there are 
three very short, thick-set black setae, two more similar setae 
slightly above them and near the meson, and two larger setae slightly 
above them and near the meson, and two larger setae below them ; 
on each side on the posterior margin there are five setae. Scutelluni 
yellowish-white, fringed with short and a few long setae. On the 
venter there is a vertical dark liand on eatdi side between the fore 
and mid coxae. Leys pale reddish-brown, sparsely clothed with 
setae; those on the tibiae and tarsi darker. Fngues black. Abdomen 
reddish-brown wuth numerous pale setae. Wings hyaline with pale 
reddish-brown veins and short dark setae on the costa. Second 
longitudinal vein (R2-f3) long, reaching beyond the apex of the 
first longitudinal vein (Rl), but not extending to the anterior cross¬ 
vein. 

This new species can be easily recognised by its pale colour and 
dark markings on the thorax and venter between the fore and mid 
coxae; also by the short thick-set setae on the thorax and pale 
scutellum. 
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A Synoptic Check-List and Host-List of the 
Ectoparasites found on South African 
Mammalia, Aves, and Reptilia. 
(Supplement No. 1.) 

liy (j. A. 11. lU^UKOllD, Section ot Parasitolooy, OndtM’stepoori. 
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X. 


Introduction 
()rd(‘r Acarina.— 

Order Anoplura.—Sub-order Mallophajja 
Sub-or<lor Siphunculata 
Order Heraiptera. -Family Cimicidao.. 
Order Diplora.—Family Hippoboscidae 
Family Streblidao 
Order Siphonaptera .. 
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INTRODUCTION. 

It lias been considered advisable (o bring the Syn-opiic (yheck-list 
of the Ectoparasites found on South African Mannnalia, Aves and 
Reptilia, published in the 18th Report of the Diiector of Veterinary 
Services and Animal Industry, TTiiion of South Africa, 1932, up to 
date by publishing supplements fiom time to time as necessity 
warrants, and this is the first of the series. 

Not only is a number of new records reported upon in this 
paper, but it has also been found necessary to make alterations to 
the synonymy of a number of species. 
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CHECK-MST OF SOUTH AFRICAN ECTOPARASITES. 


lleferences to the original check-list are recorded in thivS paper 

as follows: — 

Bedford. S, Afr, Ectopamsites, p. ... (1932). 

Order ACARINA. 

Suborder ASTI CM AT A. 

Family ANALGESIDAE. 

Genus Pteroliciiits Ilobin. 

Pteroliclius Bedford, Afr, Ecto/MrasiteHf p. 244 (1932). 

Pterolichus ardeae (Canestrini). 

Dernuileichvs ardeae t/anes.. Atti Real. Jst. Venefo Sci.^ 
Lett, ed Art. (5), Y, p. 51 (1878). 

PieroUehus {Evptcrohch us) ardeae (Canes.) Canestrini ik 
Kramer, Dernod. tnid Sarr., p. 41 (1899). 

Becorded from Botaufus stellar s (Bittern) and other species 
of Ardeidae. 

Pterolichus buchhoizi (Canestrini). See Ptilo.renus hurhholzi 
(Canestrini). 

Pterolichus buchhoizi fascigera Meguin & Tronessail. Sec 
Pfilo.reinis fascieijera (Megniii & Trouessart). 

Pterolichus columbi major Megnin & Trouessart. See Ptilo.veyius 
major (Megnin & Trouessart). 

Pterolichus nisi ((Canestrini). See Gahueinia^ jnsi (Canes.). 

Pterolichus numenii (Canestrini). See Avenzoaria nmnenii (Canes.). 

Pterolichus prozanae (Canestrini). See (rrallohia porzanac (Can(‘s.). 

Pterolichus railorum Robin. See Grallohia rallornm (Canes.). 

Pterolichus rehbergi gracilis Megnin & Trouessart. See philoxcmis 
rehhergi gracilis ’(Megnin & Trouessart). 

Pterolichus squatarolae (Canestrini). See Avenzoaria sqvatarolae 
((hines). 


(jfenus Avenzoaria Oudenums. 

Avenzoaria Bedford, *S'. Afr. Ecioparasites, p. 248 (1932). 

Avenzoaria numenii ((Canestrini). 

Pterolichus nvnicnii (Canes.) Bedford, S. Afr. Ectoparasites, 
p. 24f> (1932). 

Described from specimen taken off Phaeopns phaeopus 
(Whimbrel). 

Avenzoaria ochropodus Hull. 

Avenzoaria ochropodus Hull, Trans. Northern Nat. Union, p. 
206, f. 1-3 (1934). 

Described frorn^ specimens taken off Green Sandpiiier, 
Tringa erythropus Vroeg. — Totanus ochropus L. 
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Avenzoaria squatarolae (Cauestiini). 

PUrroUchus squatarolae (Canes.) Bedford. S, Afr. Ectopara¬ 
sites, p. 248 (1932). 

Described from specimens taken off Grey Plover, Sqvata- 
TO I a squatarola, 

Avenzoaria totani (Canestrini). 

Avenzoaria totani ((-aiies.) Bedford, >S’. Afr, EcLoparasites, 
p. 250 (1932). 

Additio7ial records: Hull (1934) records this si)ecies from 
Crocethui alba (Sanderling), and specimens have been taken off 
Khyacophilus glareola (Wood Sand])i])er) at Onderste])oort (coll. 
G.A.Il.B.: del. C. D. liadford). 

Genus Ptiloxk^h s Jlull. 

Ftiloxenus Hull, Trans. Nortliern Nat. Union, p. 202 (1934). 
Genotype: Ptcrohchvs major Mcguin and Trouessart. 

Ptiloxenus buchoizi ((^mestrini). 

Pterolichus hnchboizi ((knies.) Bedford, S, Afr, Ectoparasites, 
p. 244 (1932). 

Pecordt'd taken off Sqaatarola squatarohi (Grey Plover) and 
Liinasa hiiiosa (Black-tailed Godwit). 

Ptiloxenus fasciger (Megnin & Trouessart). 

Pterolichus buchhohi fasciyera Megniu & Trouessart, Bedford, 
S. Afi\ Ectoparasite, p. 245 (1932). 

Recorded taken otf Arenaria inter pres (Trunstone), Toianus 
totainis (Redshank) and Calidris canutns (Knot). 

Ptiloxenus major (Megnin & Trouessart). 

Pterolichus cohimhi major Megn. & Trt., Bedford, aS. Afr. 
Ectoparasites, j). 245 (1932). 

Recorded taken off crested grebe, Podiceps infuscata { — P, 
cristata), 

Ptiloxenus rehbergi gracilis (Megniu & Trouessart). 

Pterolichus rehbergi gracilis Megn. & Trt., Bedford, N. Afr, Ecto-^ 
parasites, p. 247 (1932). 

Described from specimens taken off Himantopus hirnantopus 
(Black-wingel Stilt). 

Ptiloxenus vanelli (Canestrini). 

Dermaleichus vanelli Canes., Atti Real, 1st. Venet oSci., Lett, 
Arf. (5), V, p. 02 (1878). 

Proctophyllodes vanelli Canes., Atti Soc. Veneto-Trent., VI, 
p. 37, pi. 1, f. 5 (1879). 

Pterolichus {Eu pterolichus) vanelli ((-anes.) Canes, and 
Kramer, Denwd. und Sara,, p. 53 (1899). 

Specimens have been taken off Crowned Lapwing, Stephani- 
byx coronatus (Bodd.) at Onderstepoort (coll. G.A.H.B.; det. 
C. D . Radford). Originally described from specimens 
taken off European Lapwing, Vanellus vanellus (— V, 
cristatus). 
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Genus Grallobia Hull. 

Grallohia Hull, Trans, Northern Nat. Union^ p. 202 (1934). 

This genus includes four species found on Ilallidae. 
Genotype: Dermaleielius porzanae Canestrini. 

Grallobia porzanae (Canestrini). 

Pterolichns porzanae (Canes.) Bedford, S. Afr. Ectoparasites, 
p. 247 (1932). 

Described from specimens taken off Ortygometra jjorzana 
(Spotted Crake). 

Grallobia rallorum (llobin). 

Pterolichus rallorum Itobin Bedford, S. Afr. Ectoparasites, 
p. 247 (1932). 

Described from specimens taken off Crex crex (Corn-crake). 
Genus GAiimuNiA Oudemans. 

Gahucinia Bedford, S. Afr. Ectoparasites, p. 250 (1932). 

Gabucinia nisi (Canestrini). 

Pterolich'us nisi (Canes.) Bedford, S. Afr. Ectoparasites, p. 
240 (1932), 

Recorded taken off Pygargns pygargns (Montagu’s Harrier) 
and Pervis apivorns (Honey Buzzard). 

Genus Epstathia Oudemans. 

Eustatlda Bedford, aS\ Afr. Ectoimrasites, p. 251 (1932). 

Chavliacia Bedford, ihid., p. 251 (1932). 

Chavliacia is considered to be a synonym of Eustaihia. It 
included a single species —securiger Robin—found on 
Microp'us apns (European Swift). 

* Genus Hirstia Hull. 

Hirstia Hull, The Vascvhmi, XVII, iv, p. 145 (1931). 

Hirstia chelidonis Hull. 

Hirstia chelidonis Hull, The Vascvlvm, XVII, iv, p. 140 
(1931). Described from specimens taken off Chelidonaria 
nrhica (Mouse Martin) and Hirundo rustica (Swallow), 

Genus Syringoma Trouessart & Neumann. 

Syringohia Bedford, S. Afr. Ectoparasites, p. 255 (1932). 

Syringobia caiceata Trouessart. 

Syringohia calceata Trt., Bedford, S. Afr. Ectoparasites, p. 
256 (1932). 

Males and females taken off Thalasseus hergii (Swift Tern), 
Swakopmund, South-West Africa (coll. 11. D. Bradfield: det. 
C. D. Radford). 
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Syringobia chalopus Trouessurt & Neuiuaun). 

Syringohia chflopifs Trt. & Neu., Bedford, .S. Afr. Ecto- 
2)arasites^ p. 250 (I9d2). 

Hull (19d4) lias re(*oi(le(l iliis species from Crocethia alba 
(Saiiderliug*). 

Syringobia trioalcarata Trouessart & Neumann. 

Synnyohia tvicalcarata Tit. & Neii., Bull. Sri. France Bel¬ 
gique, XIX, ]). 045 (18SS). 

Syringobia, iriralcarata Trt. & Non., (Wies. and Kramer. 
Uemod. vnd Sore., p. 74 (1899). 

Specimens Lave heen taken off Three-banded Sandplover, 
Afrojocchua fricollaris (Vieill.) at Onderstepoort (coll. G.A.II.Ik; 
det. C. 1). lladford). Orit^inally descri])ed from specimens taken 
oft Charadrius dub run. 

Genus PrKitoNYSsrs Kobin. 

/^terony.s.ru.s, Bedford, S. Afr. Ecfoparafuieii, p. 258 (1932). 

Pteronyssus gracilipes Trouessart & Neumann. See Leptosphyra 
grarilipes (Trt. & Neii.). 

Pteronyssus nuntiaeveris Berlese. See Fteronyssoides nnntiaereris 
(Beilese). 

Pteronyssus obscurus Berlese. Sei* /^terony.Hsoides obscuru.H (Berlese). 

Pteronyssus pallens Berlese. See Fieronyssoide,^ paUe?i,^ (Berlese). 

Pteronyssus puffin! (Buc liLolz). 

Gieheba pvffini (Buclih.) Bedford, S. Afr. Ectoparasites, p. 
257 (1932). 

Additional record: Specimens have been taken off Thalas- 
sens bergii (Swift Tern) at Swakopinund, South-West Africa 
(coll. II. D. Bradfield; det. C. I). Badford). 

PternoySSUS truncatus Trouessart. See rteronyssoides tnincafus 
(Trt.). 

Genus Btekonyssoides Hull. 

Pteronyssoides Hull, The VascuVum, XVII, iv, p. 145 (1931). 

Genotype: Pteronyssus striafus Ilobin. 

The following species formally placed in the genus 
Pteronyssus are now included in this genus: — 

Pteronyssoides nuntiaeveris (Berlese). 

Pteronyssus nuntiaeveris Berl., Bedford, S, Afr. Ectopara¬ 
sites, p. 258 (1932). 

Pteronyssoides obscurus (Berlese). 

Pteronyssus obscurus Berl., Bedford, ibid^ p. 258 (1932). 
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Pteronyssoides paliens (Berlese). 

Vteroiiyssus Beii., Bedford, ibid, p. 258 (1932). 

Pteronyssoides trunoatus (Tiouessart). 

Pteronyasys truncatus Trt., Bedford, ibid, p. 258 (1932). 

Genus Meoninia Berlese. 

Meyninia Bedford, >S\ ..4/r. Ectoparasites, p. 259 (1932). 

M6gninia aestivalis Berlese. See Pandalum aestiualis (Berlese). 

M^gninia aestivlais SUbintegra Berlese. See Pandahtra subintegra 
(Berlese). 

M^gninia columbae (Budiliolz). See iJiplaegidia. colnmhae (Biieli- 
holzl. 

Genus Bandajutra Ilull. 

Pandalum Hull, Trans. Northern Nat. Union, p. 203 (1934). 
Genotypic: Dervuileichus strigisoti Bueliholz. 

Pandalura aestivalis (Berlese). 

M6gninia aestivalis (Berl.) Bedford, S. Afr. Ectoparasites, 
p. 259 (1932), 

Described from specimens taken off Micropus apns (Euro¬ 
pean Swift). 

Pandalura subintegra (Berlese). 

Megninia subintegra (Bead.) Bedford, S. Afr. Ectojjarasites, 
p. 259 (1932). 

llecorded taken off Chelidonaria urbica (House Martin) and 
Riparia riparia (European Sand Martin). 

Genus Diplaegidia Hull. 

Diplaegidia Hull, Trans. Northern Nat. Union, j). 203 (1934). 
Genotype: Dertnaleirhvs columbae Bucliliolz. 

Diplaegidia columbae (Buchholz). 

Megninia coluvibae (Berl.) Bedford, S. Afr. Ectoparasites, 
p. 259 (1932). 

llecorded from domestic and other pigeons in Europe. 
Genus Leptosphyra Hull. 

Leptosphyva Hull, Trans, Northern Nat. Union, p. 203 (1934). 
Geiiotype: Analges centropodvs Megnin. 

Leptosphyra gracilipes (Trouessart & Neumann). 

Pteronyssvs gracilipes (Trt. and Neu.), Bedford. S. Afr. 
EctoparaHites, p. 258 (1932). 

Described from specimens taken off Totanus totanns (Hed- 
shank). 
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Genus Analges Nitzsch. 

^^nalg€s Ikdford, S, AJr. Ectoparasites, p. 2f)0 (19d2). 

AnalgOS bidontatus Giebel. See Analgopsis bideniatus (Giebel), 
Analges bifidus (Nitzsch). See Analgopsis bifidus (Nilzsob). 

Genus Anaj.cuuvsis Trouessint. 

Aita/gopsis Trouessnri, Ann. Mag, Xaf, Hist., Ser. 9, iv, p. 
(1919). 

Genolype : A rams passerin as Linn. 

Analgopsis bidentatus (Gie])el). 

Analges bidentatus (Gie])el), lledfoid, >S'. Afr, Ectoparasites, 
p. 2()l) (19d2). 

Kecorded taken oil tlie migrant, Acrocephalus arvndinaceus 
(Great Heed Warbler), and other Passejines in Eur()i)e. 

Analgopsis bifidus (Nitzseb). 

Analges bifidus (Nitzscli) Ledford, S. Afr, Ectoparasites, p. 
201 (19d2). 

Genus Alloptes (kinestrini. 

xXlloptcs Bedfoid, S. Afr, Ectopaiasites, p. 202 (1902). 

Alloptes lambda (Trouessart). 

Pterocoius lambda Trouessart, Bull, Soc, d^Etial, Sci. Angers, 

XIV, p, 72 (1885). 

Alloptes lambda (Tri.) Canestiini and Kramer, Deniod, and 
Save., p. 110 (1899). 

Spo(‘iinens have been taken oft' Fhiloniachns pugnax (Huff 
and lleeve) and Rhyacophilus glareohi (Wood Sandpiper) at 
Onderstepoort (coll. G.A.H.B.; det. C. 1). TIadford), Ori^’inally 
described from Neffapus anntus, Mada^’ascar. 

Genus I^tkhodkctes Bobin. 

Pterodectes Bedford, S, Afr, Ectoparasites, j). 204 (1932). 

Pterodectes ortygometrae (Canostrini). See Brephosceles ortygo^ 
metrae (Canes.). 

Pterodectes ortygometrae furciger (Trouessart). See Brephosceles 
furcifer (Trt.). 

Genus Brephosceles Hull. 

Brephosceles Hull, Transv, Northern Nat, Union, p. 204 (1934). 
Genotype: Pterolichvs forficiger Megnin and Trouessart. 

Brephoceles ortygometrae (Canestiini). 

Pterodecte*^ ortygometrae (Canes.) Bedford, S, Afr, Ecto-' 
parasites, p. 265 (1932). 

Recorded taken off Ortygometra porzana (Spotted Crake). 
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Brephosceles furcifer (Trouessart). 

Pterodectes furcifer (Trt.) Bedford, S, Afr. Ectoparasites, p. 
265 (1932). 

Described from specimens taken off Suiutsoniis africanus 
(Two-banded Courser). 

Genus PRorToniiYLLODES Robin. 

Proctophyllodes Robin, Compt, Rend, hehdoni, dcs Sean. Acad. Sci., 
LXVl, p. 786 (1868). 

Genotype: DehnaJeichus glandarinus C. L. Kock. 

Proctophyllodes arcuaticaulis Trouessart. 

Proctophyllodes arcuaticaulis Trouessart, Bull. Sac. d,^Etud. 
sci. Anyers, XVI, p. 148 (1886). 

Proctophyllodes arcuaticaulis (Trt.) Canes & Kramer. Demod. 
und Sarc., p. 118 (1899). 

Specimens liave been taken off S. African Tawny Pipit, 
Antlius rucjulus nwlteivi (Lay.), Onderstepoort (coll. E. C. G. 
Bedford; det. C. 1). Radford). 

Suborder PROSTiCMATA. 

Family PTERYGOSOMIDAE VriznirM. 

This family includes a number of small mites parasitic on 
lizards. Lawrence (1935) has rec-orded 39 species from South Africa 
parasitic on lizards belonging to the families Geckonidae, Agamidae, 
Zonuridae, Gerrhosauridae and Lacertidae. 

Keys to the species are not included here as Lawrence has given 
keys in his papers and these should be consulted. 

Key to the South Afncaii Genera (after Lawrence). 


L A dorsal scute present. 2 

A dorsal scute not present. 3 

2. Dorsum with few setae, these very long. Pimeliaphilus.^ 


Dorsum with numerous setae, these shorter . Geckohia. 

3. Apex of hypostoine much enlarged, dorsum with few setae 4 

HyjK)siome subparallel; dorsum with numerous setae . 5 

4. Body longer than wide, size large, skin leathery 

Lxodiderina. 

Body much wider than long, size small, skin not leathery 

Scaphothrisc. 

5. Dorsum with a dense anterior patch of setae on each side 

of the mouth-parts, eyes absent. Pterygosoma. 

C, Dorsum without a dense anterior patch of setae on each side 
of the mouth-parts, eyes present . Zonurobia. 

^ No Bpecies has been found in South Africa up to the present, and it is 
iinlikely that they occur in this region. 
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(teims IxoDXDEiiMA Lawrence. 

Ixodiderma Lawrence, Parasitology, XXVII, i, p. 22 

This genus iiicliules three species parasitic on Zonuridae and 
]jacerti(lae. 

Gcnof ypr ; Irodidermu iurerta Tiawj ence. 

1. Ixodiderma inverta liawrence. 

Ixod'idenna inverta laiwrence, Parasit., XXVII, i, ])p. 24-21), 
i.f. 1:3-11) (19:35). 

Described fioin numerous adults and nymphs taken off 
l^sendocordylus svhnridts, Belfast, Transvaal, also from P. 
mtcroJepidotas, Table Mountain; P. fasetatus, Katberg, Coet- 
zeesberg, Bedfor<l, Butterworth, Grahanistown, Somerset East 
iCape l^‘ovinc(0 ; P- suhviridts^ Lydenburg, Woodbush, Ernielo, 
("arolina, VVakkerstroom (Transvaal), Thaba Putsua, Maletsiin- 
yane Falls (Basutoland), (iiaiits (Vistle (Natal); Zo)ivrvs rocrvl- 
ropinK tnt us, Monlague Pass, (leorge; Z. pnlyzonus, Sieinkop, 
Lamberts Bay, PhilHj)stov\n, (hadu(dv ((^i])e Province); Aus, 
Krailuft (South-West Afrit a). 

2. Ixodiderma lacertae Lawrence. 

Lvodideruui laccriae lionrence, Parasif, XXA'II, i, pp. 2li-:i(), 
t.f. 17 (Il):i5). 

l)escnbe<l fiom adults and nymphs talum off Scapivira 
depressa, locality unknown; also from S. suborhtfahs, S. hnoxii 
and TropuU^savia gularis, localities unknown, and from Etc/nias 
vndafa, Jjudeiiizbiudit, and E, inornata, Narudas Sud (South- 
West Africa). All tlie hosts belong* to the family La(*ertidae. 

3. Ixodiderma pilosa laiwrence. 

lawdcrma pilosa Lawience, ParsU, XX\"Il, i, p. :i(l, f. 18 
(19:35). 

Described fj om adults taken off' Pscvdocordyhis syhrit idis, 
Drakensberg* and .Mont-aux-Sources, Basutoland. 

Genus ScAViiOTiiiux Lawience. 

Scaphotluix Lawuence, Parasitology, XXVII, i, p. 20 (1935). 

This genus includes a single sjiecies parasitic on Zonuridae. 

j. Scaphothrix convexa Lawrence. 

Scaphothnx conrtwa LawTence, Parasit,, XXVII, i, pp. 21-22, 
t.f. 12 (1935). 

Described from adults taken off' Zonurvs polygon us, Vonde- 
ling, Caj)e Province; also from the same host species Kimberley; 
Z. peersi, Garies (Namaqwaland) and Z. cordylus, Capetown. 

Genus Pterycsosoma Peters. 

Pterygosornu Peters, Sitzher, Ges, Naff. Frevndc, Berlin (1849). 

Eupterygosoma Triigardh, Ite$. Swed. Zoo/. Exped. to Egypt 
and the White Nile, No. 20, Acariden, p. 59 (1905). 
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Fterygosoma Lawrence, Parasit., XXVllI, p. 20 (1936). 

This genus includes fifteen species, twelve occuning on 
South African lizards belonging to the families Agamidae and 
Gerrhosauridae. 

Genotype : Fterygosoma agamae Peters. 

1. Pterygosoiiia aculeatum Lawrence. 

Fterygosoma aculeatum Lawrence, Farasit., XXVlII, p. 25, 
t.f. 20 (1936). 

Described from adults taken off Aganui hispula aculeata, 
Strydenburg, Cape Province; also from same host species, 
Kaotive, Central Kalahari; Kakamas; Kimberley and Fourteen 
Streams; and from A, hispida distanti, Pretoria, and Chisba- 
washa, Rhodesia. 

2. Fterygosoma agamae Peters. 

Fterygosoma agamae Peters, Sitzher, Ges. Natf. Freund 
Berlin (1849); Hirst. Jour, Linn. Soc. (ZooL), XXXVl, 
p. 194, f. 14 (1926); Lawrence, Farasii.^ XXVITI, i, p. 
25 (1936). 

Recorded by Law^reiice (1936) from Agama Kirlii, Mazoe, 
Chishawasha and Zimbabw^e, Rhodesia; also from Agama 
mossamhica , Mozambique. 

3. Fterygosoma armatum Lawrence. 

Fterygosoma armatum LawTence, Parasit., XXVllI, i, p. 30, 
t.f. 23 (1936). 

Described from adults taken off Agama hispida armatUy 
Weenen, Xatal. 

4. Fterygosoma bedfordi Lawrence. 

Fterygosoma bedfordi Lawrence, Parasit,, XXVIII, i, p. 24, 
t.f. 16 n, h, 18 a, h (1936). 

Described from adults, nymphs and larvae taken off Agama 
atra atra, Hermanns, Cape Province, 

5. Fterygosoma bioolor Lawrence. 

Fterygosoma bicolor Lawrence, Paras it., XXVII, i, pp. 34-35, 
t.f. 20, 22 c (1935). 

Described from adults taken off Gerrhosaurus flavigitlaris, 
Serowe, Bechuanaland; also from G. nigrolineatus, locality 
unknown, and G. auritus, Kaokoveld, South-West Africa. 

6. Fterygosoma gerrhosauri Lawrence. 

Fterygosoma gerrhosauri Lawrence, Parasit,, XXVII, i, pp. 
33-34, t.f. 19 (1935). 

Described from adults taken off Gerrhosaurus validm, 
Zululand; also from same host species, Plumtree, Rhodesia, and 
Cr. major grandis, Leydsdorp, TransvaaL 
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7. Pterygosoma hirsti Lawrence. 

Pterygosoma hirsti Jjawrence, Parasit., XXVIII, i, p. 22, t.f. 
17 a-d (J<M)). 

Described from adults taken off Agama atra afra, Vonde- 
linjj’, Cape Province. 

8. Pterygosoma hystrix Lawrem e. 

Pterygosoma hystrix Jjuwience, Parasit,, XXVll, i, i)p. d7-38, 
t.f. 21, 22 .7, b (1985). 

Described frojii adults found on venter scales of belly and 
tail of (lerrhosaurvs favigularis; Graliaiiisiown, Cape Province. 

9. Pterygosoma longipaipe Lawrenct. 

Pterygosoma longipaipe Lawrence, Parasit,^ XXVll I, i, p. 
25, t.f. 19 ^7, h (1980). 

Described from adults taken off Agama atia aim, Xannujua- 
laiid; also from same bost, Vondelin”*, and from Agama hispula 
a cv 1 cat a , M ii r r a y s])u v<y . 

10. Pterygosoma melanum Hirst. 

Pterygosoma nielainiah Iliist, Joui, Linn, Soc, (Zool.), 
XXXVI, ]). 190, f. It) (1920); Lawienco, Parasit,, 
XXVIII, i, p]). 21-22 (1980). 

Recorded by Lawrence (1985) from the foilovin^* Jjosts: 
Agama atra atra, (b'adock, Beaiifort West, Kimberley, Fo\irteen 
Streams, Victoria West, Van libynsdoip, Hanover, Phillips- 
lovn, Hermanns, St. dames, Table Mountain, and Cai)e Point, 
Cape Province; Garies, Nama(|ualand; Rustenbur^*, Pretoria, 
Hosslyn, Maquassie, near Wolmaransstad, Transvaal; Vrybur^*, 
Dechuanaland; Maseru, Basutoland, and Luderitzbuebt, Soutb- 
West Africa; also from Agama an chi eta e knobelii, Aus, South- 
West Africa. 

11. Pterygosoma transvaalensis Lawrence. 

Pterygosoma. transvaalensis Laurence, Inaras it,, XXVTtI, i, 
pp. 28-29, t.f. 22 (198()). 

Described from adults taken off Agama atnrollis, Marieps- 
kop, Eastern Transvaal; also from the same host s})ecies, 
Weenen, Natal. 

12. Pterygosoma triangulare Lawrence. 

Pten/gosoma triangulare Lawrence, Parasit,, XXVITT, i, p. 
28, t.f. 21 (1980). 

Described from adults taken off Agama. hispida brachynra, 
Bitterfontein, Namaqualand; also from same bost, unknown 
locality, and from A, hispida hispida, Darliiif** and Port 
Nolloth, 

Genus ZoNtiRoniA Ijawrence. 

Zoimrobia Lawrence, Parasit,, XXVII, i, p. 4 (1985). 

This ^ifenus includes nine species and five varieties found on 
South African lizards belonj^inj;^ to the family Zonuridae, 

Genotype : Zonvrohia cordylcrisis, 
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1. Zonurobia circularis circularis Lawrence. 

Zoniirobin circularis Lawrence, Farastt,, XXVII, i, pp, 8-9, 
t.f. 1 c, (I, 4 (1935). 

Uesciibed from adultH taken off Platysaunis yutiatus^ Salis¬ 
bury, S. Ithodesia ; also from tbe same host species, Plumtree, 
(Jliisuwaslia, Zimbabwe (Southern Ithodesia); and Pietersburg, 
Mariepo, Shiliowane, NyLstroom (Transvaal); and four speci¬ 
mens from /jouvriis jonesi which probably constitute a variety. 

Zonurobia ciroufaris capensis Lawrence. 

Zonurobia cirnilnris, var. capensis, Lawrence, Parasit,, 
XXVIl, i, p. 10 (1935). 

Described from specimens taken off' Platysnnrvs capensis, 
Kamieskroon, Naniaqualaiid. 

Zonurobia circularis latior Lawrence. 

Zonurobia cirrvlaris latior Lawrence, Parasit., XXVIl, i, 
pp. 9-10 (1935). 

Des(*ribed from specimens taken off Zonurns vittifer, 
Belfast Polgieiersrust, Haenertzburg, Middelburg (Transvaal), 
and Ubombo (Zululand); also from Zonnrus hreycii, Water- 
berg* Mountains, Transvaal. 

Zonurobia circularis longipilis Lawrence. 

Zotiurohia circularis, var. longipilis, Lawrence, Parasit., 
XXVIl, i, pp. 10-11 (1935). 

Desciibed from specimens taken off Platysaurus guttatus, 
Blyde Kiver, Transvaal. 

Zonurobia circularis spiniventer Lawrence. 

Zonurobia circularis, var. spiniventer, Jjawrence, Parasit,, 
XXVIl, i, p. 10, t.f. 5 (1935). 

Described from specimens taken off Platysaurus guttatus 
minor, Nylstrodm and Waterberg District; Transvaal. 

Zonurobia circularis transvaalonsis Lawrence. 

Zonurobia circularis, var. transvaalensis, Lawrence, Parasit,, 
XXVIl, i, p. 11 (1935). 

Described from specimens taken off Platysaurus wilhelmi, 
Olifants River, Eastern Transvaal. 

2. Zonurobia coriiylensis Lawrence. 

Zonurobia cordylensis Lawrence, Parasit,, XXVIl, i, pp. 5-7, 
t.f. 1 «, h, 2 (1935). 

Described from adults and nymphs taken off Zonurus cor-- 
clylus. Table Mountain, East London, Stutterheim, George, and 
Hogsback, in the Cape Province; also from specimens from the 
same host, Srnithfield, Orange Free State, w^hich may constitute 
a variety. 
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3. Zonurobia debilipes Lawrence. 

Zomirobia dcbihpes Lawrence, Parasit,, XXVII, i, pp. 13-15, 
t.f. 1 /, 7 (1935). 

Described from adnlts taken oif Zonitrits trnrrcni, lll)0Jid)0, 
Zuliiland. 

4. Zonurobia montana Lawrence. 

Zonurobia nwnfana. Lawrence, ParnHif., XXVII» i, pp. 19-20, 
t.f. 11 (1935). 

Described from specimens laken otf Zonnrus nanuiquensis^ 
Kurasber^’ Monniains, South-West Africa. 

5. Zonurobia poiyzonensis Lawrence. 

Zjonurobia polygon cn si a liawience, ParasH., XXVJJ, i, ])p. 
7-8, t.f. 1 5, (j, 3 (1935). 

Described from specimeihs taken otf Zonutus polyzonns, un¬ 
known lo(;ality; also froju same liost species from Kimberley, 
Vondelinf»‘, Darling*, Leliefontein (Xamaqualand), Kuniman, 
Koiirteen Streams, Van llhynsdorp, and tbui* specimens from 
Zotnirus pcersi, Kamiesbiiig* (Namaqualand). 

6. Zonurobia sanguinea Lawrence. 

Zonurobia sanguinea laiwrence, Parasit.^ XXVIl, i, pp. lG-18, 
t.f. 9 (1935). 

Des(;ribed from specimens taken otf Zonurns coeruleopuna- 
iatus, Montagu Pass, (feorge. 

7. Zonurobia semilunaris Lawrence. 

Zjonurobia similunaris liawrence, Parasif., XXVIl, i, pj). 
11-13, t.f. 1 c, /, G (1935). 

Described from specimens taken otf Pscudocordylus micro- 
lepidotus, unknown locality; also from P. fasciatvs, Bedford 
and Grahamstown, Gape Province. 

8. Zonurobia subquadrata Lawrenc e. 

Zomirobia svbqnadrata Lawrence, Parasite, XXVIl, i, pp. 
18-19, t.f. 10 (1935). 

Described from specimens taken off Zorrurvs robertsi, between 
Nieuwoudville and Van llliynsdorp, and at Klaver, C.P. 

9. Zonurobia transvaalioa nom. nov. (Lawrence). 

Zonurobia transvaalensis Lawrence, Parasit,, XXVIl, i, p. 
15, t.f. 8 (1935), ncc. Lawrence, p. II, 1935. 

Described from specimens taken off Zonurus vandarni, 
Leydsdorp, Transvaal; also from Z. vandarni perkocnsis^ Eastern 
Transvaal; Z. harbertonensis depressus^ Louis Tricbardt; and 
Z. laevigatus, Entabeni, Zoutpansberg, Transvaal. 
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Genus Geckobia Megniii. 

Geckobia Megnin, Bull, Soc, Ent. Fr., Ser. 5, p. 8 (1878). 

Geckobia Lawrence, Parasit,, XXYIII, i, p. 2 (1936), 

Lawrence (1936) has rec'ortled fourteen species from South 
Afri<an Geckouidae. 

1. Geckobia australis Hirst. 

Geckobia australis Hirst, Jour, Linn, Soc, (ZooL), XXXVl, 
p. 176, f. 3 (1926). 

Geckobia australis ^llirst) Lawience, Parasit,, XXVIIl, i, 
p. 4 (1936). 

Keeorded found on Lyffodactylus capensis capensis. The 
types weie from Beira, Portuguese Kast Africa, and Lawreiu'e 
(1936) has recorded it from the following localities in the Trans¬ 
vaal : Ilectorspniit, Komatipoort, Mariepskop, Palmyraville, 
Zoiitpansberg, Itoodepoort, Pretoria District, ilustenburg and 
Vygeboompoort; also from Salisbury and unknown locality. 
Rhodesia. 

2. Geckobia hemidactyli Lawrence. 

Geckobia hemidactyli LawTence, Parasit,, XXVIII, i, p. 14, 
t.f. 11 (1936). 

Described from specimens taken off Hcmichiciyhts tasmam, 
Diiefoiitein, Southern Rhodesia; also from the same host 
species, Kutama, Southern^ Rhodesia; //. mabouia^ Jjourenyo 

Marques, and Zambi, Belgian Congo. 

3. Geckobia hewitti l^awrence. 

Geckobia hewitti Lawrence, Paraslt,^ XXVIII, i, pp. 8-lU, 
t.f. 7 (1936). 

Described from specimens taken off Pachydactylus viacu- 
latusi Resolution Halt, Grahamstowii; also from same host, 
u nknown locality. 

4. Geckobia houiopholis Lawrence. 

Geckobia homopholis Lawience, Parasit., XXVIII, i, p. 15, 
t.f. 1, 12 (1936). 

Described from specimens taken off Ilomopholis wahlbergii^ 
Bulawayo and Salisbury, Rhodesia; Geelhoutkop, Waterberg 
District, and Waterval Boven, Transvaal. 

0 . Geckobia karrooica Lawrence. 

Geckobia Karrooica Lawrence, Parasit., XXVIII, i, p. 18, 
t.f. 15 (1936). 

Described from specimens taken off Oedura Karrooica 
wilmoti, Tarkastad. 
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6. C0Ckobifl naill9€|U6nsis Lawrence. 

Gechohiti namaquensis Lawrence, Parasit,, XXVII, p. 10, 
t.f. 8 (19:55). 

Described from specimens taken oH Pachydactijhis nama- 
quctisis, (laries and Steinkopf, Namaqiialand: also from Pachy- 
dactyl us capcnsis yatiesensis^ (laries. 

7. Geckobia natalensis Lawrence. 

Gechohia natalensis Jjawrence, Parasit., XXVII, p. 8, t.f. (> 
(1935). 

Described fiom specimens taken off Lyyodaciylns (‘opcnsis 
capensis, IJmblatu, Natal, and Mozambicjue. 

8. Geckobia oedurae Lawrence. 

Gechohla oednrae Lawrence, Parasit., XXVIll, i, p. (i, t.f. 
G (19.3G). 

Described from specimens taken off Oeduva iransvaalica 
platyreps, Empandeni, near Salisbury, and Diiefonlein, Southern 
Jthodesia. 

9. Geckobia ovambica liuwrence. 

Gerhahia ovambica Lawrence, P<irasif., XXVIII, i, p. 4, t.f. 

3 (19:5G). 

Described from two specimens taken off Rboptropus barnavdi, 
Kunene Kiver, South-West Africa. 

10. Geckobia pachydactyii LaAvrem e. 

Geckobia pachydactyii LaAvrence, Pa/asit,, XXVIII, i, pp. 
12-14, t.f. 10 (19:iG). 

Desci ibed from specimens taken off Pachydactylus bibroniiy 
bibroniiy Bitteifontein, Namaqualaiid; also from the same host, 
Aus and Oup ItiAer, Soutli-West Africa, and Leliefontein, 
Namaq ualand. 

11. Geckobia phyllodactyli LaAvrence. 

Geckobia phyllodactyli Lawrence, Parasit,, XXVIII, i, p. 15, 
t.f. 2, 13 (193G). 

Described from adults, nymph and laiwa taken off Phyllo- 
dactylus porphyrcns, Hermanns and Capetown. 

12. Geckobia rhoptropi LaAvrence. 

Geckobia rhoptropi LaAvrence, Parasit., XXVIII, i, pp. 11-12, 
t.f. 9 (]93()). 

Described from specimens taken off Rhoptropus ocellatusy 
Leliefontein, Namaqualand; also from Lyyodactylvs bradfieldij 
Okahandja, South-West Africa. 

13. Geckobia tasmani Lawrence. 

Geckobia tasmani Lawrence, Parasit.y XXVIII, i, p. 6, t.f. 

4 (1936). 

Described from specimens taken off Hemidactylus tasmaniy 
Chishawasha, near Salisbury, Rhodesia. 
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14. Ceckobia transvaalensis Lawrence. 

GecJwhia tmnavaalensis Lawrence, Parasit., XXVIII, i, pp. 
17-18, t.f. 14 (1980). 

Described from specimens taken off Lygodactylus aipensis 
capvnsis^ Eastern Transvaal; also from PachyJactylus capeiisis 
aiffi'nisy Plumtree, Southern Ithodesia; P. cape 7 }sis capensis, 
Kimberley and Vryburg; P. capcusis tigrinvsy Zoutpansberg; 
ChondrodactyUis angulifer, Kan us Siding, South-West Africa; 
and doubtful records from Pachydacfylus punctatvs and P, 
rapensis fonnosus, unknown localities. 

Suborder MESOSTiCMATA. 

Family DKRMANYSSTDAE. 

Genus Liponyssus Kolenati. 

Liponyssus biscutatus Hirst. 

9 Llponyssvs biscutatus Hiist, Pvoc, 7 a)oL So(\ Loud., p. 779, 
t.f. 21, 22 (1921). 

Described from specimens taken olf (^urdinal Woodpecker, 
Dendropicus fvsccscens ( - 1), cardiualis), South Africa. Two 
females have also been taken off 1). fuscesceus transvaalensis, 
Buffelsdraai, Transvaal, 2Gth March, 1910 (del. C. D. Radfoid). 

Liponyssus bursa (Berlese). 

Lciognathvs bursa Berlese, BulL Soc, ent, ItaL, XX, p. 208, 
pi. 9, f. 6 (1888). 

cf $ Ldognathus worsitans Hirst, Bidl. Ent, lies., VI, pp. oO-oS, 
t.f. 1-3 (1915), 

Liponyssus b'ursa (Berlese) Hirst, Mites Injurious to VonicsUc 
Anivuih, pp. 89-90, t.f. GO, G7a, 08.4, 09a, 70 (1922). 
Liponyssus bursa (Berlese) Bedford, S. Afr, Ectoparasites, v. 
272 (1932). 

Specimens have been taken off South African Tawny Pipit. 
Anthus rufulus raalteni (Lay.), Onderste])oort (coll. E. C. G. 
Bedford; det. C. I). Radford). 

Liponyssus flavus (Kolenati). 

Males and females taken off Cardinal Woodpecker, Dendro¬ 
picus fuscescens transvaalensis Rbts., Buffelsdraai, Transvaal, 
26th March, 1916 (det, C. D. Radford). This species was 
described from specimens taken off bats, and Hirst (1921) has 
recorded it from noctule bat, Aylesford, Kent, England. 

Liponyssus viator Hirst. 

9 Liponyssus viator Hirst, Proc, Zool. Soc. Lond.^ p. 775, t.f. 
20 (1921). 

Desr;ribed from specimens taken off Indian Swift, Colletop- 
tera {—Cypselus) affinis, Calcutta; also from Woodpecker, 
Gecinvs vaillanti, Tangier. Specimens have been taken off Cape 
Black-headed Sparrow, Passer melanurns melatmrns, Onderste- 
poort (coll. G.A.H.B.; det. C. D. Radford). 
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Saperfamiiy IXODOIDEA. 

Family ARGASTDAE. 

Genus Argas Latreille. 

Argas brumpti ISeumuun. 

Ad. o Argun biuiiipti iNeuniaun, Arcliir. de I^arnsit., XI, 
pp. 224-229, f. 9-14 (1907); Xuttall, Warburton, Cooper 
and Robinson, T icLi: Mon. Ixod, I, pp. dO-dd, 95, f. 
d8-47 (1908); Neumann, Das Ti crrcichy Lrodidac, pi). 
121A22 ( 11 ) 11 ). 

L. Ar,g(U brumptt (Non.), Ciinliile, YT, pp. 37l)-{)8], 

t.f. 1 (1!)14). 

Adujts and iiyniplis liave lieen found at Geiiislmk Plain, Ou]) 
River, Kalaiiari (coll. Y. FitzSinioiis), and one adult has been 
rereived from l)r. R. F. Lawience found under a vstone at 
Lekkersino*, Richtersveld; also on^or^ed larvae, whi(di i refer 
to this sj)eL‘ies, from a lizaid, GcrrhosaitniH rahdus, Mara, 
N.AY. Transvaal. 

This species was originally tlescribed fiom specimens col¬ 
lected in Somaliland. Tiiey attac'ked man in dusty sheltered 
hollowed out f)laces heneatli overlian^ino* rocks into which opened 
])orcupine burrows. (hinlifl’e (1914) recorded specimens fiom 
Kenya (\dony. They were found in dust of an anthea]>, and 
also lefiorted to be louml in dust where bio* ^aiiie loll. King* 
{BvU, Kift. AVs, YI, j)iK 191-198, 1915) and Rultled^^e {UulL 
Knt, AV.s*., XXI, ]). 278, 1980) have recorded this s])ecies from 
the Sudan: the forjuer found adults and nymjdis in (uevices 
lietween rocks and in caves, and the latter hnvae on the ground 
lizard, Aijanui colovonim. Kin^»‘ has reared larvae ou a guinea- 
fowd, Numidii inclmgris, but failed to feed them on fowls, 
sparrows, ])igeons, doves and bats. 

Argas moubata Muriay. 

Argas Nioahafa (Murray) Redfonl, S, Afr. Ertoparnsitcs, p. 
280 (1982). 

Additional record: Xumerous speiu’mens collected in a pig- 
stye at Doornkraal, Pietersburg District, Northern Transvaal, 
March, 1984 (coll, (1. Y, O. Lund). Attempts to transmit Aegyp- 
tianedia pnllorvin to fowls with this s])ecies failed (Bedford and 
Odes, 1988). 

Argas persicus (Oken). 

Argas persicus (Oken), Bedford, S, Afr. Ectoparasites, p .281 
(1932). 

This spe(des has been proved by Bedford and Coles (1933) 
to transmit Aegyptianella pullorum to domestic fowds. 

Family IXOUIDAE. 

Genus Ixonus Latreille. 

Ixodes pilosus Koch. 

Iwod^s pilosus (Koch) Bedford, S. Afr. Ectoparasites, p. 285 
1932). 

Additional record: Specimens sent by Dr. R. F. Tiawrence 
taken off Leptailurus serral Schr. (Serval Cat), Pietermaritz¬ 
burg, Natal. 
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Genus Haemaputsalis Koch, 

Haemaphysaiis aciculifer Warburton, 

Haenuiphysalis aciculifer (Warb,) ]^edford, 5, Afr, Ecto- 
paraaltcs, p. 289 (1932), 

Additional record: Males and females iaken ofit Leptailurus 
i^erval Sohr, (Serval Cat), rieterniaritzlmrg, Natal (sent by Dr. 
R, ¥, Lawrence), 

Haemaphysaiis leachii (Audouin). 

Haem/iph ysalis leachii (And.) Bedford, N. Afr. Ecioparasites, 

p. 289 (1932). 

Additional record: Adults taken oft' the same host as the 
above species. 

Haemaphysaiis silacea Robinson. 

Tlaeniaphi/salis silacea (Robinson) Bedford, S. Afr. Ecto- 
parasiics, p. 290 (1932). 

Additional record: Adults taken oft' Traficlaphvs sijlraticas 
(Bushbuck), Mount Edgecombe, Natal, July, 1934. 


Genus Riiipickpiiajais Koch. 

Rhipioephalus simpsoni Nuttall. 

cf $ Rhijncephalus simpsoni Nuttall, Parnsif., ITT, iv, pp. 413- 
410, t.f. 0, 7 (1910). 

A male recorded by Bedford (1932) as P. sirnns C. L. Koch 
from Thryonomys swinderianus rariegatns (Natal Cane-rat), 
Nylstrooin, Transvaal, pi'bves to be this spetdes. Adults have 
also been received from Mr. C. II. E. Hopkins taken off T, 
swinderianus^ N’buya, Uganda. Originally described from 
adults taken off a large rodent in S. Nigeria. 

Rhipicephalus simus C. L. Koch. 

Rhipicephalus simus (C. L. Koch) Bedford, S. Afr. Ecto¬ 
parasites,"' p. 298 (1932). See Rhiyiccphalus simpsoni 
(Nuttall). 


Genus Hyalomma Koch. 

Hyalomma aegyptium aegyptium (Linnaeus). 

Hyalomma aegyptium aegyptium (Linn.) Bedford, S. Afr. 
Ectoparasites, p. 301 (1932). 

Additional record: One female taken off Atelerix frontalis 
(Hedgehog). Springvale, South-West Africa (coll. E. Meyer). 

Hyalomma aegyptium in^iressum Koch. 

Hyalomma aegyptium impressum (Koch) Bedford, 5. Afr. 
Ectoparasites, p. 302 (1932). 

Additional record: One larva off Bhuchanga adsimilis 
(Fork-tailed Drongo), Onderstepoort. 
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Geiuis Amblyomma Koch. 

Amblyomma hebraeum Koch. 

Amblyomma hebravum Koch (Jicdford), S, Afr, Ectoparasites, 
I). 304 (]m2). 

Additional record: Adults taken off Acpyccros inelampys 
(Iiupala), Bar II Banch, Swaziland (cx)ll. G. Martinaglia). 

Amblyomma peters! Karsch. 

Ambhjotfhma petersi (Karsch) Bedford, S. Afi\ Ectoparasites, 
p. d()(i (19;32). 

Additional record: One female received from Mr. C. Kent 
taken oft* toitoise, Melnioih^ Zuliiland. 


Genus ArojvoMAiA Neumann. 

Aponomma larve capensis Neumann. 

Apononinin Jarre capcn'^is (Non.) Bedford, S. Afr. Ecto¬ 
parasites, p. 2)08 (102)2). 

Additional record: Adulis laken off AconUas plninbcvs 
(Blind Jiizard). Sangwana District, ZululatuI (coll. II. AV. Bell 
Marley). 

Aponomma neglectum S. and li. F. ITirst . 

cf 9 Anibhjoinina {A pononinia) ncijlcctuniA S. and L. F. Hirst, Arm. 
Mac). Aal. Hist. (8), VI, p. 805, t.f. 7-8 (1910). 

Des(*ril)ed from adults taken off Yaranus albigularis, Deel- 
fontein, (^P. Idie male lias three metallic gieen spols on the 
scutum and I he female one. 


Suborder MALLOPHACA. 

Superfamily IS(HIN()CEBA. 

Family PHILOPTFHIDAE. 

Genus Degeeiuella Nenmanii. 

Degecriella Bedford, S. Afr. Ecto/iarasites, p. 819 (1932). 

Degeeriella annulate (Denny). 

Ninrms ann'iilatH.H Burmeister, Ilandb. der, Ent., ii, p. 428 
(1838); no description; Denny, Mon. Anoplur. Brit., 
p. 132, pi. 8, f. 5 (1842). 

Nirinns oedicnetni Denny, ibid., ]>. 138, pi. 7, f. 8 (1842). 

N'irnivs annniaius Nitzsch in Oiebel, Zcit. /. ges. Mat., XITl, 
p. 311 (18G1). Giebel, Insecta Epizoa, p. 159, pi. 5, f. 9, 
10 (1874). 

Docophorns annulatvs Piaget, Les PedicvJines, p. 0()4, pL 54, 
f. 5 (1880). 

Philoptervs annulatus Harrison, Parasit., IX, i, ]). 88 (1910). 

Degeeriella oedicnemi Harrison, ibid., IX, i, p. 119 (1916). 
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Previously recorded from the Stone Curlew, Ocdicnemns 
oedicyi&nmis {-^ 0. crepitans)] also by Piaget (1880) from 0, 
tnaynirostris. Specimens have been taken off Oedicnemus xer- 
miculatus (Water Thickknee), Rustenburg District, Tiansvaal 
(coll. W. Powell). Through the kindness of Colonel Meiiiertz- 
hagen 1 have been able to compare these with specimens taken 
off' the type host, 0. oedicucnins, Suffolk, Enghind. 

Piaget was correct in considering Denny’s D, oedicnemi to 
be immature specimens of D, anivulnta, but it is difficult to 
understand how he came to place this species in the genus 
Docophorus. 

Degeeriaila birostris ((Hebei). 

Nirncus hirostris (Hebei, Insccfa Epizoa, p. 174 (1874). 

Xinmis (fJonosns Kellog & Kuwana, Prac. Wash. Acad, 
Sci.y IV, p. 4()7, pi. 29, f. 1 (1902), part; Kellog, Trans, 
Am. Enl. Soc., XXXII, p. 818 (ISK)G); Kellog & Paine, 
Ent. A'cir.^, XXI, p. 125 (1910); Kellog & Mann, Ent, 
Acirs, XXIII, p. 58 (1912). 

Dcijeenvlla f/loriosa Perris, Bern, P. Bishop Mvs,, llonolvUt., 
Bull. 98, pp. 08-09, t.f. 18 a-e (1932); Bedford, 
Ectoparasites, p. 322 (1932). 

The tyjres (males) of D, hirosfris were taken off Sterna sp. 
“ p ftiHgimtsa, It has also been recorded as J), gloriosa from 
Sterna fvliginosa, S. anathaeta, Anons stolidvs, aiul cerlainland 
birds (abnornpil hosts), Giilapagos and Revillagigedo Islands; 
Sterna hinata, Laysan Is., and Sterna fnscata, Marquesas. 
Specimens have been taken oft’ Sterna fnliginosa, Eshowe, Zulu- 
land (coll. B. De Meillon)., 

Degeeriaila COlymbina (Scopoli). See Esthioptemm colymbma 
(Scopoli). 

Degeeriaila emarginata (Kellogg & Chapman). See D, separata 
(Kellogg & Kuwana). 

Degeeriaila gloriosa (Kellogg & Kuwana). See 7>. hirostrls (Giebel). 

Degeeriaila separata (Kellogg & Kuwana). 

Nirimis (jloriosus Kellog & Kuwana, Proc, Wash, Acad, Sci,, 
IV, p. 407 (1902), Part ... 

Nirmvs .separatus Kellog & Kuwana, ibid,, TV, p. 472, pi. 
29, f. 0 (1902). Kellog, Trajis, Am, Ent, Soe„ XXXlI, 
p. 317 (1906), part; tlchida, Annot, Zool, Japan, IX, 
p. 484 (1918). 

Nirmus gloriosns var. emarginatus Kellog & ChapHnan, Jour, 
New York Ent, Soc,, X, p. 159 (1902). 

Degeeriella separata (K. & K.) Ferris, Bern. P, Bishop Mus,, 
Honolulu, pp. 09-70, t.f. 19 a-e (1932). 

This species has, as Ferris has shown, been confused with 
Z). hirosfris. It has been taken off Anous stoUdus, Sterna fuli-- 
ginosa and certain land birds (abnormal hosts), Galapagos and 
Bevillagigedo Islands: also off Anous stolidus, Hawaii and 
Marquesas. 


88 



G. A. n. HEDFORD. 


Oegeerielia scolopacis (Dcimy). See Ifhynordrmuji scolopacis 
(Denny). 

Degeeriella vanelli (Denny). 

Ninnus vanelli Denny, Mon, Anoplnr, Brit,, p. 128, pi. 7, f. 
(I (1842). 

Deserihed fro inspeeiniens taken ofP Sip/atarola {=- Vonellus) 
sqvafarola (Grey Plover), a migrant to South Afriea. Harrison 
(19H)) sank D. vanelli as a synonym of I), jvncea (Seopoli) 
found on Vanellus vanellns^ hut it is a distinct vspecies. 


Genus Rhynonirmus Thompson. 

Rhynoriirnins Thompson, Barasitolofjy, XXYII, ii, p. 281 (1985). 

This genus includes Hiree s])e(‘ies found on Scolopacidae. 
Gen o type : Lip eu / us in fu scat us ()shorn. 

Rhynonirmus scolopacis (Denny). 

Degeeriella scoloimcis (Denny) Bedfoid, Afr, Ectoparasites, 
p. 327 (1932). 

lihynontnnus scolopacis (Denny) Thompson, Parasit,, XXVll, 
ii, ]). 284, t.f. 2A“n, 4c (1935). 

Recorded taken off Capella (-— Scolopa.v ) gallinago in 
Europe, and dapella nignpcnnis in South Africa. 


Genus Goniodes Nitzscli 

Gofiiodes numidae Mjdherg. 

Goniodes numidae (Mjoherg) Bedford, S, Afr. Ectoparasites, 
p. 330 (1932). 

Additional record: Specimens taken off iXuniida roronata, 
Vryhurg, O.P. 


Genus Gonicotes Burmeister. 

Goniocotes gigas Taschenberg. 

Goniocotes gigas (Taschenh.) Bedford, S. Afr. Ectoparasites, 
p. 332'(1932). 

Additional record: Specimens taken off Nvmida coronata, 
Vryhurg, C.P. 

Goniocotes hologaster Nitzsch. 

Goniocotes hologaster (Nitzsch) Bedford, S. Afr. Ectopava- 
sites, p. 331 (1932). 

Additumal record: Specimens taken off Numida coronata, 

Vryburg, C.P 
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Genus Pectinopygus Mjoberg. 

Pectinopygus graciiicornis (Piaget). 

cf Lipeurus gracibconiis Piaget, Les Pediculines, p. 309, pi. 25, 
f. 0 (1880), part. 

cf Lipevrus graciiicornis, var. majus, Kellogg, Occ, Papers, Cali¬ 
fornia Acad, Sci., VT, p. 30, pi. 3, f. 5 (1899), part; 
Kellogg & Kuwaua, Proc. Wash. Acad- Set., IV, p. 477 
(1902), part; Kellogg, Trans. Avicr. Ent. Soc.^ XXXIII, 
p. 321 (1906). 

cf Esthiopferurn graciiicornis (Piaget) Ferris, Bern. P. Bishop 
Mus., Horwlvhi, Bull. 98, pp. 61-62, t.f. 13 a-e (1932). 

Ferris has shown this species to hai^e been confused with 
P. sulae (Rudow). It has been recorded from Frcgata minor 
and F- aquila, the former occurring on the South African coast. 

Pectinopygus sulae (Rudow). 

Lipeurus sulae Rudow% Zeit. f. ges. Natnrw., XXXVI, p. 
134 (1870). 

9 Lipeurvs gracilicorns Piaget, Les PnlicuHnes, p. 309 (1880), 
I)art. 

9 Lipenrus graciiicornis, var. major, Kellogg, Occ. Papers, 
California Acad. Sci., VI, p. 30 (1899), part; Kellogg & 
Kuwana, Proc. Wash. Acad. Sci-, IV, p. 477 (1902), 
part; Kellogg, Trans. Am. Ent. Soc., XXXIl, p. 319 
(1906), part. 

c? Lipeurvs helleri Kellogg & Kuwana, Proc. Wash. Acad. Sci.., 
IV, p. 479, pi. 3(b f. 3 (1902); Kellogg, Trans. Amcr. 
Ent. Soc., XXXII, p. 319 (1906), part. 

Lipevrus potens Kellogg & Kuwana, Proc. Wash. Acad. Sci., 
IV, p. 477 (1902), part; Kellog, Trans. Amcr. Ent. Soc., 
XXXII, p. 319 (1906), part. 

9 Pectinopygus sulae (Rudow) Ferris, Bern. P. Bishop Mns., 
Honolulu, Bull. 98, pp. 64-67, t.f. 16 a-b, 17a-i) (1932). 

This species has, as Ferris has shown, been confused with 
both P. graciiicornis and 1\ potens. It has been founO on 
Fregata minor, w’hich occurs on the South African coast; also 
on Fregata aqvila, Sul a spp. and several abnormal hosts. 

Genus Esthiopterum Harrison. 

Esthiopterum Bedford, S. Afr. Ectoparasites, p. 337 (1932). 

Esthiopterum anserls (Linn.). See Analicola anseris (Linn.). 

Esthiopterum ardeee (Linn.). See Anaticola ardea (Linn.). 

Esthiopterum asymmetrioum (RudowO. See Anaticola asymmetHca 
(Rudow). 

Esthiopterum capitatum (Piaget), See Anaticola capitafa (Piaget). 

Esthiopterum oiooniae (Linn.). See Ardeicola ciconia (Linn.)^ 
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Esthiopterum colymbina (Scopoli). 

Degeericlla colymbina (Scop.) Bedford, S, Afr. Ectopara- 
Hite, p. d20 (1932). 

This species must l)e placed in Esthiopfci'iirri and not in 
Deyccnella, It cannot remain in Esthinpternviy liowe^ver, and 
eventually a new ^enus will have fo be erected for it. 

Esthioptaruin concinnum (Kellog*<»’ and Chapman). 

IjipcnrvH concinnvH Kello^-^ & Cliapinan, Occ, Papers^ (Uili- 
fornia Acad. Sri., VI, pp. 97-99, pi. 7, f. 2 (1899). 

Described from specimens taken off Dioincdea alhatrim. 
Sf>ecimens have also been taken off A'calhafrns chlororhynchus 
(Yellow-billed Mollymawk), Capetown, C.P. (coll. 11. F. Law¬ 
rence). 

Esthiopterum crassicorne (Scop.). See Anatirohi cmssicornis (Scop.). 

Esthiopterum diversum (Kello^*^). 

Esthiopiernm diccvsum (Kello^j^). S. Afr. Erfoparasifc.s, i). 
338 (1932). 

Additional iccord: llecordod by Kcllo«‘^‘ & (3iapman (1899) 
taken off Nconertria ( - Pvfjinna) yiisciis (Sooty Shearwater). 

Esthiopterum genitale (Piaget). See Acdcicola pcnitnlis (Piaget). 

Esthiopterum giganticola (Kellogg). See E. tricolor (Piaget). 

Esthiopterum lepidum (Nitzscb). See Ardnrola lepida (Niizsch). 

Esthiopterum leucoproctum (Nitzscb). See Ardcicohi Icvcopiocta 
(Nitzscli). 

Esthiopterum maculatum (Nitzscb). See Arddcola maetdata 

(Nitzscli). 

Esthiopterum obscurum (lludow). 

Esthiopterum^ ohscuricm> (Biidow) Bedford, S. Afi. Ectoparii’ 
sites, ]). 340 (1932). 

Both E. tricolor (TMaget) and E. Icptnrvs (Fnderlein) have 
been recorded as synonyms of this species, but they are the san]e 
as E, giyanticoUi (Kellogg). E. ohscirnnih, of which E. melanoc- 
nernis (Giebel) and E. gaini (Neumann) are synonyms, has only 
been found on Macronectes gigantca (Giant Petrel). 

Esthiopterum pederiforme (Dufour).'^ 

Philopterus pederiformis Diifour, Ann. Sor, Ent, Er.y TV, 
p. 670, pi. 21, f. 4 (1834). 

Meta pen ran lac re Budow, Zeit. /. ges, Natiirw., XXXV, p. 
140 (1870). 

Lipeurus ang'nlicollis Giebel, Aim. Mag. A‘af. Hist., XVII, 
p. 388 (1876). 

* Thompson [Ann. Mag. Nat. Hist. (10), xyi, p. 485, 1935] has recently 

erected the genus Epishates for the reception of this species. 
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Lipevms brericeps Piaget, Tijd, v. Eiit,^ XXXIII, p. 243, 
pi. 9, f. 6 (1889). 

Lipevrus trmcilhevnyi Kellogg and Knwana, Proc. Acad, Nat, 
Sn, Philad,, p. 155, pi. 7, f. 3 (1900). 

Described from s])ecimens taken off Diomedea exulans and 
by Kellogg & Kiiwaiia (1900) from Diomedea nigripes, Females 
have been taken off U. exwlans (Wandering Albatross) at Port 
Elizabeth, C.P. (1935) (coll. J. A. Pringle). 

Esthiopterum stellare (Denny). See Ardelcola steUaris (Denny). 

Esthiopterum subsignatum (diebel). See Anaticola snbsiguatii 
(Giebel). 

Esthiopterum tricolor (Piaget). 

Lipeurus tricolor Piaget, Les Pcdicvlines^ j). 3(i3, pi. 30, f. 4 
(1880). 

Niroms gigaoticola Kellogg, Proc, California Acad. Sci,, VI, 
p. 105, pi, 5, f. 0 (1890); Bedford, S. Afr, Ecfoparasife.H, 
p. 339 (1932). 

Lipevrus confidevs Kellogg, Occ. Papas, California Actid, 
Set., p. 20, pi. 3, f. 1 (1899). 

Lipcnrifs mi rice ps Kellogg & Kuwana, Proc, T1\lv//. Acad, 
Sa,, IV, p. 480 (1902). 

Lipevrus Icptnrvs Eriderlein, Devfscb, Sad. polar E.rpt., X, 
p. 453 (1909). 

This s])ecies has been fx)nfused with E, ohscvnim (Kudow). 
It has only been found on Diomvdeidae, and has been recorded 
from the following South African species: Diomedea exnlans 
(Wandering Albatross), Thalassarche melanophrys (Molly- 
mawk), Diomcdella cania layardi (LayaiMPs Alfiatross), Ne.aC 
hatras chlororhynchn.s (Yellow-billed Mollymawd<) and Phoebe- 
tria palpebrata (Sooty Albatross). 

Genus AkoeicoIvA (3ay. 

Ardeicola Clay, Proc. Zool. Soc, London, iii, p. 615, t.f. 1, 3 (1935). 

This genus includes species found on Gressores (storks, 
ibises and herons). They were formerly placed in the genus 
Lt pear us and later in Esthiopterum, 

Genotype: Pediculus ardeae Linn, 

Ardeicola ardea (Linn.), 

Esthiopterum ardeae (L.) Bedford, S, Afr, Ectoparasites, p, 
337 (1932). 

Ardeicola bicolor (Piaget). 

Lipeurus bicolor Piaget, Tijd, v, Ent,, XXXI, p. 157, pi. 4, 
f. 1 (1888). 

Described from females and males taken off Ephippio- 
rhynchus Tantalus) senegalensis (Saddle-bill Stork), 
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Ardeicoia capitata (Piaget). 

Esthioptennih rapifafuni (Piaget) Bedford, S, Afr. Ecfoparn- 
|). (1932). 

Ardeicoia ciconia (Linn.). 

Ejithiopfervni ciconiac (Ji.) Bedford, N. Afr, Ectoparasites, p. 
338 (1932). 

Ardeicoia genitalis (Piaget). 

Esthiopicrvm fjcnitalc (Piagei) Bedford, >S. Afr. Ectopara¬ 
sites, ]). 339 (1932). 

Ardeicoia lepida (Nily.scli). 

E^thlopfrrvni lepidvm (Nilzscli) liedfoid, >S. ^1/r. Ectopara¬ 
sites, p. 339 (1932). 

Ardeicoia leucoprocta (Nitzsc h). 

Estliioptcruni Jeaeop/ortviti (Nilzsch) Bedford, S. Afr. Ecto¬ 
parasites, ]). :139 (19^12). 

S])e(*imeiis have t)eoii taken ofl* tlie typo host, PjfrrhrrorUa 
purpurea (Jhiri)le Ileion), Worcester, C.P. 

Ardeicoia maculata (Nilzsdi). 

Lipeums uiaculatus Nitzseh in Giehel, Zelt. f. pcs. Natunr., 
XXVTIT, ]i. 383 (18(i(l); (liehel, lusccta Epizoa, ]). 223 
(1874). 

Desciibed from specimens taken off (*irouta aujia (l^lack 
Stork). According* to Miss (3ay, it is distinct fiom .1. ciconia. 

Ardeicoia rhaphidia (Nitzsch). 

Lipeurus r/iaphidius Xitzsch in (Tiel)el, Zeit. f. pcs. 
Naturir., XXVIII, j). 384 (18C()); Giehel, 7nsecta Epizoa, 
p. 229 (1874). 

Lipeurus rapJiidius Piaget, Les l^cdiculines, p. 317, j)!. 28, f. 
3 (1880). 

IJescrihed fiom specimens taken off J^Ici/adis fainnellus 
(Glossy llus). 

Ardeicoia stellaris (Denny). 

Esthiopterum stcllarc (Denny) Bedford, S. Afi. J^Jcto/jaiasitcs, 
p. 340 (1932). 

Additional synonpm : Lipeurus hotauri Oshorn, Bull. IJiv. 
Ent., U.S. Dept. Apric., Washington, No. 5, p. 234 (1896). 

Described from specimens taken off Botaurus Icutipinosus 
(American Bittern). 

Genus Anaticola Clay. 

Anaticola Clay, Proc. Zool. Soc. Load., iii, p. 617, t.f. 2, 4 (1935). 

This genus inedudes species found on Anatidae (swans, geese 
and ducks) and Phoeriicoptcridae (flamingoes). They were for¬ 
merly placed in the genus Lipetirus and later in Esthiopterum. 

Geiiotype: Pediculus crassicornis Seopoli. 
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Anaticola anseris (Linn.). 

Esthio 2 dervm anseris (Linn.) Bedford, S. Ah\ Ectoparasites, 
p. 337 (1932). 

Anaticola asymmetrica (Budow). 

Esthiopterum asymmctncum^ (Endow) Bedford, S, Afr, Ecto’ 
parasites, p. 337 (1932). 

Anaticola crassicornis (Scopoli). 

Esthiopterum rrassicornc (Seop.) Bedford, S, Afr, Ectopara¬ 
sites, p. 338 (1932). 

Anaticola subsignata (Oiebel). 

Esthioptennn suhsujnatuui (Oiebel) Bedford, *S’. Aft\ Ecto¬ 
parasites, p. 341 (1932). 

Genus Gjejjelia Kelloj*-^. 

Giehelia Bedford, Afr. Ectoparasites, }). 343 (1932). 

Giebelia mirabilis Kellogg. 

Giehelia niirahiUs Kellogg, Proc. California Acad, Sri., VT, 
p. 138, pi. 11, f, 7, 8 (189G). 

Eecorded by Kellogg and Chaj)nian (1899) taken off Scoucc- 
tris (..-= Puffintis) ijnseus (Sooly Shearwater). If \\as described 
from specimens taken off Pvfjinits opisihoiuelas. 

Genus OcMMiNOsrEU.A Ewing. 

DollahcUa Cummings, Proc, ZooL Soc, Loud,, j). (>75 (191(;). Beil- 
ford, S, Afr, Ectopqrasites, p. 347 (1932). 

Cvmwingsiella Ewing, Proc, Ihol, Soc, Wash,, XLIII, p. ]25 (19;50). 

As Ewing has poiiiled out, Cummings' name Dolhihella is 
preoccupied as it was used hy Giebel in 184r) for a genus ol 
rnollusks. 


Genus J*ifii,oi»TEiuis Nifzsch. 

Philopteru!) Bedfd!rd, iS’. Afr. Ectoparasites, p. 848 (1932). 

Philopterus albidus (Piaget). 

Philoptervs semisigtiatiis (Piaget) Bedford, ,S. Afr. Ectopara¬ 
sites, p. 355 (1932). 

Through the kindness of Colonel 11. Meinertzhagen I have 
been able to compare specimens of P. seniisignatvs taken off 
Corvus CO rax corax in the Outer Hebrides, Scotland, with speci¬ 
mens of P. nJbidus from Corrus allms, Aliwal North, C.P., and 
find that they are distinct species. 

Philopterus gonotharax (Giehel). 

Philopterus gonothorax (Giebel) Bedford, S. Afr. Ectopara¬ 
sites, p. 351 (1932). 

Docophorus lari, \'ar. parvus, Piaget {Les Pediculines, p. 112, 
1880), described from specimens taken off Larus domini- 
canus, proves to be a synonym of this species. 
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Philopterus snyderi (Kello^^g & Paine). 

Docoplfonis snijdvri Kellogg & Paine, Ent, A'cww, XXI, i). 

124, f. 1, 2 (1910). 

Phdoptervs snyderi (Kellogg & Paine) Ferris, Bern. P. 
Bishop Mils. Honolulu Bull. 98, pp. 71-72, t.f. 20a-o 
(1932). 

Specimens taken off Sterna fuliginosa, Eshowe, Zululaiicl 
(coll. B. l)e Meillon). This species was described from specimens 
taken off Sterna Ivnata, Laysan Is.; also recorded from Sterna 
f ns cat a ^ Marquesas, 

Family TP ICITODECTIDAE. 

Oeiius Uasyonyx Bedford. 

Vasyonyie Bedford, S. Afr. Ectoparasites, p. 359 (1932). 

Dasyonyx windhuki Bedford. 

Dasyony,r windhnlxi Bedford, Ondersfepoort Jour. Vei. Sci. 
Aniiih, Indust., VII, i, p. 38, f. 0-7, (1930). 

Described from males and females taken off Procavia leind- 
hull, Naiikluft, South-West Afiica; also from Procavia sp. 
Otjosongomlia, Waterberg, South-West Africa, 

Dasyonyx validus Bedford. 

Triehodectcs lindfieldi Fenis, Rep. Harvard Afr. E,rped. upon 
Afr. Repul). Liberia and Bely. (Uinqo, ii, p. 1030, f. 19, 
20a, (;, o, E, (j, H (1930), nee. Hill,' 1928. 

Hasyouy.r validns Bedford, Proc. Zool. Soc. London, p. 721 
(1932). 

Males from Dcndrohyrax arhorea. Port Alfred, (\P. (coll. 
K. F. Lawrence). Also recorded by Ferris (1930) fj*om D. adolfi- 
friederici, Belgian Congo, and D. validns. Mi. Kilimanjaro, and 
by Bedford (1930) from 1). scheelei, Tanganyika Territory. 

Genus Procavtphilus Bedford. 

Procaviphilus serraticus (Hill). 

Procaviphiliis serraticns (Hill) Bedford, S. Afr. Ectoparasites, 
p. 301 (1932). 

Additional record: Gne female from Procavia u indhuld, 
Xaukluft, South-West Africa (coll. K. Jordan). 

Genus Bovicola EM'ing. 

Bovicola Bedford, S. Afr. Ectoparasites, p. 301 (1932). 

Bovicola hilli Bedford. 

Bovicola hilli Bedford, Onderstepoort Jour. Vet. Sci. Anim. 
Indust., II, i, p. 43, t.f, 4-6 (1934). 

Described from specimens taken off Waterbuck, Kohu.^ ellip-^ 
siprymns (Ogilby), TTinfolosi Game Reserve, Zulnlaiul. It has 
also been found on Kohus defa.^sus, Uganda. 
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Bovicola crassipes (Rudow). 

Bovicola hmhatvs (Gervais) Bedford, S. Afr, Ectoparasites, 
p. 3fi2 (1932). 

According to Bedford (1936) Gervais’ Trichodectes climate 
and r. UmhatHs should be discarded; Trichodectes pilosns Piaget 
(Les Pcdicultnes, p. 406, pi. 48, f. 4, 1880), neo^ Giebel, 1874, 
should be sunk as a synonym of this species, and T, cliviaa', var. 
major, Piaget is the same as B. 'pninci (Kellogg & Nakayaina). 

Bovicola major (Piaget). 

Trichodectes climax, var. 'major, Piaget, Les Pediculines, 
Suppl., p. 80, pi. 9, f. 5 (1885). 

Trichodectes painei Kellogg & Nakayaina, Psyche, XXI, p. 
90, f. 1 (1914). 

Bovicola painei (K. & N.) Bedford, S, Afr, Ectoparasites, p. 

302 (1932). 

/?. major has been confused with /?. Umhatas. It proves 1o 
be the same as B. painei over which it has priority (see Bedford, 
1936). 

Bovicola martinaglia Bedford. 

Bovicola martinaqlia, Bedford, Onderstepoort Jour. Vet, Sci. i'll* 
Anims. Indnk,, VII, i, p. 43, f. 11-13 (1930). 

Uesiuibed from specimens taken off Onotrayns leche in tlie 
Zoological Garden, Johannesburg, 

Bovicola painei (Kellogg & Nakayama). See Bovicola major (Piaget). 

Bovicola pelea Bedford. 

Bovicola pelea Bedford, Onderstepoort Jour,, Vet, Sci, 
Anirn. Indust,, 11, i, p. 41, t.f. 1-3 (1934). 

Described from specimens taken off Vaal Rhebok, Pelea 
capreol'us (Behst.), Naauwpoort, C.P. 

Genus Tricholipeurus Bedford. 

Trtcholipeurus aepycerus Bedford. 

Trichlipevrus aepijceriis Bedford, S, Afr, Ectoparasites, j). 

303 (1932). 

Described from specimens reported to have been taken off an 
Impala, Aepyceros nielampus, on the Kunene River, South-West 
Africa, but Bedford (1934) has shown that the host was probably 
Aeiyyceros peter si Boch. 

Tricholipeurus elongatus Bedford. 

Tricholipeurus elongatus Bedford, Onderstepoort Jour, Vet. 
Sci, ^ Afiim. Indust,, 11, i, p. 40, t.f. 7-9 (1934). 

Described from specimens taken off an Impala, Aepyceros 
melampvs, Kruger National Park, Transvaal. 

Genus Damalinia Mjoberg. 

Damalinia Bedford, S. Afr. Ectoparasites, p. 364 (1932). 

Damalinia hopkinsi Bedford. 

Damalinia hophinsi Bedford, Onderstepoort Jour. Vet, Sci. ^ 
Anim, Indust,, VII, i, p. 47, f. 18-19 (1936). 

This species, described from specimens taken off Eland 
(Taurotragus oryx pattersonianus) in Uganda, is certain to be 
found also on the South African Eland. 
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Greiuis Feltcola Ewing. 

Felicola Bedford, S, Afr, Ectoparasites, p. 305 (1932). 

S'uricafoec'us Bedford, ibid,, p. 335 (1932). 

SuTicatoccus i)i“oves to be a synonym of Fehcola, 

Felicola acuticeps (Neumann). 

Trichodcctcs acuticcps Neumann, Archiv. Parasii., V, p. GOl 
(1902), 

Felicola genetta (Bedford) Bedford, S. Afr. Ectoparasites, 
p. 366 (1932). 

Tnchodcctes genetta Bedford proves to be a synonym of T, 
acvticeps Neu. I am deeply indebted 1o Mr. Fabio L. Werneck 
for very kindly sending me pbotogra])li8 of drawings be made 
of tbe ty])es of T. acuticcps. 

Felicola cooleyi (Bedford). 

Suncatoeciis coolcyi Bedford, *S. Afr. Ectoparasites, p. 365 
(1932). 

Additional record: Specimens have been taken off Mungos 
inuiigo col onus, Uganda. 

Snperfamily AMBl.YC^ERA. 

Fa m i ly M knofoni n ae. 

Genus Numidicola Ewing. 

Nuinidicola longicornis Ewing, the type of the genus, is undoubtedly 
a synonym of ;V. aiitennata (Kellogg & Faine). 

Numidicola antennata (K(dlogg & Paine). 

Nuinidicola antennata (Kellogg & Paine) Bedford, S, Afr, 
Ectoparasites, p. 371 (1932). 

Additional record: Specimens taken off' Ninnida coronata, 
Vrybnrg, C.P. 

Genus Menopon Nitzsch. 

Menopoii Bedford, S. Afr. Ectoparasites, p. 372 (1932). 

Menopon inaequale Piaget. See Mgrsulen inaequalis (Piaget). 

Menopon paululum Kellogg & Chapman. 

Menopon paululum Kellogg & Chai)man, Occ, Papers, Cali¬ 
fornia Acad. Sci„ VI, p. 119, pi. 8, f. 2 (1899). 
Described from specimens taken off Puffinus opisthornelas, 
P. creato2yus and Neonectris (^ Puffinus) griscus (Sooty Shear¬ 
water), the last-named occurring on the South African coast. 

Menopon petulans Kellogg & Chapman. 

Menopon petulans Kellogg & (Chapman, Occ, Papers, Cali¬ 
fornia Acad. Sci., VI, p. 121, pi. 8, f. 3 (1899). 

Described from a male taken off Neonectris Pnffinus) 
griseus (Sooty Shearwater), Bay of Monterey, California. 
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(ienu« UcHiHA Ewing. 

Neumannia TJchida, Jour. Coll. Agr. Imp, Univ. Tokyo, IX, i, p. 27 
(192G), 7 iec Trouessart (1888); Bedford, S, Afr. Ectoparasites^ 
1). 878 (1932). 

Uchida Ewing, Proc, Biol, Soc. Wasliingto?i, Xl^IlI, p. 125 (1930). 

As Ewing has pointed out, Uchida’s name Neumantna can¬ 
not stand as it was used by Trouessart in 1888 for a genus of 
Acarina. 


Genus Menacanthus Neumann. 

Menacdfithus Bedford, S, Afr. Ectoparasites, p. 378 (1932). 

Menacanthus gonophaeus (Bunneister). 

Menopoti gonophaeum Bunneister, Hnndhuch dev Ent., II, 
]). 440 (1838); Giebel, Insecta Epizoa, p. 282, p. 15, f. 1 
(1874). 

Menopou ovattiuh Piaget, Les Pedicvhnes, p. 430, pi. 34, f. (> 
(1880). 

Myrsidea qonopliaea (Nitzsch) Harrison, Parasii., IX, i, p. 
58 (191G). 

Myrsidea ovata (Piaget) Harrison, ibid, IX, p. 59 (191G); 
Bedford, *S’. Afr, Ectoparasites, p. 382 (1932). 

Menacnvtlivs corrus Bedford, Mep. Dir, Vet. Scrr. Anim. 
Indust., Un. S. Afr., XVI, p. 155, f. 1-3 (1930); Bed¬ 
ford, S. Afr. Ectoparasites, p. 379 (1932). 

The types of gonophaeus were taken off Corvu,^ eorar in 
Europe, and those of orgtvs and corvus off Corvus alhus C. 
scapulotus), and the latter also from Heterocora/r cape7isis. 
Through the kindnevSvS of Mr. C. I), liadford 1 have received 
sj)e(dmens taken off Corrus frugilegus in England. 

Harrison (1916) sank Meno^pon anaspilum Nitzsch as a 
synonym of Menopon go7topluietirtri Nitzsch, but I have received 
through the kidness of Colonel 11, Meinertzhagen sj)ecimens taken 
off Corvus coras' cora^r (type host) in the Outer Hebrides, Scot¬ 
land, and find that it is a distinct species of Myrsidae. 

Genus Myrsidea Waterston. 

Myrsidea Bedford, S, Afr, Ectopara.sifes, p. 382 (1932). 

Myrsidea inaequaiis (Piaget). 

Menopoii inaequale Piaget, Les P^diculines, p. 443, pi. 35, 
f. 1 (1880). 

Menopon inaequale (Piaget) Bedford, S. Afr. Ectoparasites, 
p. 373 (1932). 

Described from specimens taken off Red-backed Shrike, 
Enneoctonus collurio Lanius oollurio), a migrant to Soiith 
Africa. It is probably a synonym of Menopon coarctatum 
(Scopoli). 

Myrsidea ovata (Piaget). See Menacanthus gonophaeus (Nitzsch). 
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Genus Tiunoton Nitzseli. 

Trinoton aculeatum Piaget. 

Tiiiiotoii acvlcatum (Piaget) Bedford, Aft, Ectoparasitesy 
p. 382 (1932). 

Additional record: Specimens taken ofl: PaccilonUfa erythro- 
rhyncha (Red-billed Teal), Rustenburg District, Transvaal. 

Genus Heleonomits Perris. 

Heleonomus miandrius (Kellogg). 

Tleleonomus miandrius (Kellogg) Bedford, aS. Aft, Ectopara¬ 
sites ^ 2)‘ 385 (1932). 

IIelconoinus confusus (Perris) Bedford, ibid., p. 384 (1932). 

Described by Kellogg (1910) from specimens taken oH 
Balearica refjulorum< yihherireps in East Africa. Later Perris 
(1910) consideied that the female described by Kellogg was dis¬ 
tinct from the male, and 2)rop()sed the name confusus for it. 
Kellogg in describing the female states that it is markedly 
smaller than the male, and has a narrow uncoloured median 
longitudinal line extending from abodominal segment 3 along 
the thoracic segments, and to the jniddle of the head, uhere it 
forks. Both the size and un<*oloured line indicate tliat the sjieci- 
mens were immature; similar lines being found in immature 
specimens of s})ecies of Aciornithophilus, Trinoton, etc. 1 have 
examined males, females and immature females sent me by Dr. 
H. Schouteden taken oft Balearica rcfjiilorum (Trowned (b’ane) 
in the Belgian Congo, and find that the immature specimens 
agree perfectly Avith Kellogg’s description, exc^ept that the line 
extends to the fourth abdominal segment. The mature females 
are slightly larger than the males, and the plates on tergites 
i-iv are divided in the middle by a narrow line as in imma¬ 
ture specimens, except the fourth, which is only partly divided. 

Genus CoLPocEPirAurM Nitzsch. 

Colpocephahiin Bedford, S. Afr. Ectoparasites, ]). 388 (1932). 

Colpocephalum angulaticeps Piaget. 

Col pace phal urn} angulaticeps Piaget, Les Pcdicuhnrs, p. 509, 
pi. 47, f. 8 (1880). 

Colpocephahnn spineiim Kellogg, ()cc. Papers, California 
Acad. Set., VI, pp. 38-39, pi. 4, f. 1 (1889); Kellogg & 
Kuwana, Proc. Wash. Acad. Sci., TV, p. 484 (1902); 
Waterston, Nat. Hist. Hep. Brit. Antarctic E.rped. Tool., 
ni, p, 270 (1921). 

Colpocephahnn anguldliccps (Piaget) Ferris, Bern. P. Bishop. 
Mus., Honolulu, Bull. 98, p. 54, f. 8a-f (1932); Bedford, 
S. Afr. Ectoparasites, p, 389 (1932). 

Ferris has shown spineum to be a synonym of angulaticeps. 
The former w^as described by Kellogg from F regal a aquila, 
Panama, and the latter from Fregata minor. It has also been 
recorded from other sea-birds, but its presence on these was in 
all probability due to straggling, except possibly, as Ferris has 
stated, its occurrence on Sula websteri. 
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Colpocephalum decirnfasciatuiii Boisduval & Lacordavei. 

Colpocep'halurri decimfcisciatum Bois, & Lac. Bedford, 5. Afr, 
Ectoparants, p. 380 (1932). 

Additiorial synonym: Colpocephalum laticeps Kello^^g, Proc. 
Calif. Acad. Set., VI, p. 149, pi. 12, f. 8 (1896), Described 
from specimens taken off Ardea egretta, Kansas, XJ.S.A., and 
Botauius Icntiginosus, Colorado, TJ.S.A. 

Colpocephalum nyrtarde Denny from Nycticoraw nyvtocor(i.e 
IS probably also a synonym. 

Additional records: From Buff-backed Egret, Bvhulcus ibts 
(L.), Johannesburg (coll. (>. Martinaglia), Rustenbuig District 
(coll. W. Powell), and Sandford, Bergville District (coll. J. R. 
hVean). vSpecimens have also been received from Mr. L. IT. Dunn 
taken off Nyctiaora^jc nycticoraa: naevivs (Boddaert), Panama, 
and from Mr. H. S. Peters taken off Ardea herodivs herodius 
(Great Blue Heron), Frederickiown, Ohio, U.S.A. (coll. L. E. 
Hicks). 

Colpocephalum ephippiorhynchi Mjdberg. See C. zebra Kiizsch. 

Colpocephalum oreas Kellogg. See C. zebra Nit;isch. 

Colpocephalum semicinctum Rudow. See C. suhaeqvale Nitzsc h. 

Colpocephalum subaequale Nitzsch. 

Colpocephalum subaequale Nitzsch in Burmeister, Handbuch, 
II, p. 438 (1838); Giebel, /nsecta Ejrizoa, p. 265, pi. 13, 
f. 13-14 (1874); Kellogg, Proc. California Acad, Sri., VI, 
p. 525, pi. 72, f, i (1896). 

Colpocephalum semicinctum Rudow, Zeit. f. yes. Naturw., 
XXVII, p. 471 (1866); Bedford, S. Afr. Ectoparasites, 
p. 392 (1932). 

The types of subaequale were taken off' Corrvs rora.r and 
C. frugilegus in Europe, and the type of semicinctum off Corvns 
albus (= C. scapulatus). Through the kindness of Colonel R. 
Meinertzhagen and Mr. C. D. Radford, I’ have received speci¬ 
mens taken off Cormis coras, Corvus frugilegus and Pyrrhocorax 
pyrrhocorax in England, and find they are idenlical with 
specimens taken off Corvus albus. ^ 

Specimens have been taken off Corvultur nlbicolUs (White- 
necked Raven), Maseru, Basutoland, and Maziba, Uganda (coll. 
G. H. E. Hopkins) Kellogg (1896 and 1899) has recorded it 
from the American crowds, Corvus americanus and C. corax 
sinuatus. 

Colpocephalum zebra Nitzsch. 

Colpocephalum zebra Nitzsch, in Burmeister, Handbuch, II, 
p. 438 (1838); Denny, Anoplur, Brit., p. 210, pi. 19, f. 2 
(1842); Piaget, Les P^diculines, pp. 545-546, pi. 45, f. 5 

(1880). V 

Colpocephalum ephippiorhynchi Mjoberg, Arkiv. f. Zool., VI» 
p. 43, pi. 3, f. 9 (1910).. 
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Colpocephahtm areas Kellogg, Schived. Exp, Kihmanjaro, p. 
51, pi. 7, f. 8 (1910). 

Colpocephalunii zebra (Niizaeh) Ferris, Parasit,, XVI, i, p. 
59, f. 2a-g (1924); Bedford, S. Afr, Ectoparasite,^, p. 
394 (1932). 

Specimens recently taken off Ephippiorhyiiclivs .scticcjalensis 
(Saddle-bill Stork), Mazabuka, Northern llhodesin (coll. P. L. 
le lloux), prove that l)oth C, cphipptorhynrJn and C, areas, 
which were described from specimens taken off the same species 
of host, are synonyms of C. zebra. 

Suborder 8IPHUNCULATA. 

Family Haeaiatopinidae Enderlein. 

(jeims SciPio Cummings. 

Scipio tripedatus Fenis. 

Sripio tripedatus Ferris, Cantrib. Toward Man. Su<‘l‘. Lice, 
Part V, p.'15 (285), t.f. 173-175 (1932). 

Scipio nov. sp. Bedford, aS'. Afr. Ectoparasites^ ]>. 402 (1932). 

Described from a female and immature specimens taken off 
a “ nokey ’’ in South Afri(‘a; also a male from Petromys typicas 
trojncalis, Windhoek, South-West Africa, and s])ecimens from 
P. typicus, Soebatsfontein, near Claries, Namaqualand (coll. 
]{. F. Lawrence). 

Genus Polypi.ax Enderlein. 

Polyplax Bedford, S, Afr, Ectoparasites, p. 403 (1932). 

Polyplax serrata (Burmeister). 

Pedicahis svrratus Burmeister, lihynchota Gen. Ins., 
No. 0 (1839). 

Polyplax serrata (Burm.) Ferris, Contrib. Towards Mon. 
'Suck, Lice, iv, pp. 191-192, t.f. 120 b-e 0923). 

S})e(u*mens have been taken off a White Mouse at Onderste- 
poort (coll. G.A.H.B.). It was described from specimens taken 
off Mus musculus (House Mouse) in Europe. 

Polyplax spinulosa (Burmeister). 

Polyplax spinulo.Ha (Burm.) Bedford, S, Afr, Ectoparasites, 
'p. 405 (1932). 

Additional record: Graninwmys doiichurus (Cape Arboieal 
Rat), Pietermaritzburg, Natal (coll. V. F. W^oodiwiss). 

Genus Hoplopleura Enderlein. 

Hoplopleura biseriata Ferris 

Hoplopleura biseriata (Ferris) Bedford, S, Afr, Ectoparasites, 
p. 406 (1935). 

Additional record: Specimens received from Dr. B. De 
Meillon taken oft* Tatera joanae Thos., Ondongo, South-West 
Africa (coll. K. Schetter). 
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Genus Haemodipsus Enderlein. 

Haevwdijjsns Ferris, Contnb. Toward Mon. Suck. Lice, V, p. 59 
[329] (1932). 

Haemodtpsns Bedford, S. Afr. Ectoparasites, p. 407 (1932). 

This genus now comprises four species found on Leporidae. 

Haemodipsus africanus Bedford. 

Haemodipsus africanus Bedford, Onderstepoort Jour. Vet. Sci. 
cj' Anirn. Indust., II, i, p. 48, t.f. 10 (1934). 

Described from a female taken off Lep^is zuluensis Thos. & 
Schw., Jericho, Transvaal. 

Genus Prolinognathus Ewing. 

Prolinognatlius Ferris, Contrih. Toward Mon. Suck. Lice, V, p. 138 

[408] (1932). 

Prolinognathus Bedford, S. Afr. Ectoparasites, p. 408 (1932). 

This genus incdudes two species found on Prooaviidae, both 
of which may occur on the same host. 

Prolinagnathus oaviae-capensis (Cummings). 

Proli nog na tints caviac-capenisis (Cumins.) Ferris, Confnb. 
Toward Mon. Suck. Lice, V, p. 139 [409], t.f. 250 a, 
251a, e-j (1932). 

Prolinognathus caviae-capensis (Pallas) Bedford, S. Afr. Ecto¬ 
parasites, p. 408 (1932), part. 

As Ferris (1932) has pointed out, this spetdes should be 
credited to Cummings (lS[l3) rather than to Pallas (17()7), and 
has been confused with P. leptocephalus (Ehrenberg). Both 
Pallas and (Cummings recorded it from Proravia capensis, and 
specimens have been taken off the same host species at Hout Bay, 
near Capetown; also off Procavia coomhsi, Onderstepoort. 
Specimens recorded from other hosts prove to be P. leptoce¬ 
phalus. 

Prolinognathus leptocephalus (Ehrenberg). 

Pediculus leptocephalus Ehrenberg, Symbolae Physicae, Vecas 
Prirna, p. f, (1828). 

Prolinognathus leptocephalus (Ehrenb.) Ferris, Contrih. To¬ 
ward Mon. Suck. lAce, V, p. 142 [412], t.f. 250 b, 251n-D 
(1932). 

Originally described from Procavia {^Hyrax) syriacus, 
and Ferris has recorded it from the same host species from Syria. 
Specimens have also been taken off Procavia coomhsi, Onderste¬ 
poort and Rooikrans, Transvaal; Procavia capensis, Hout Bay, 
near Capetown (coll. R. F, Lawrence): Procavia sp., Lamberts 
Bay, C.P. (Tvl. Mus. No. 2148); Procavia waterhergensis, 
Otjiwarongo, South-West Africa (Tvl. Mus. No. 5335); Hetero- 
hyrax ruddi, Macequece, Portuguese East Africa (Tvl. Mus. 
No. 6215), and Ferris (1932) has recorded it from Procavia 
brucei rudolfi, Marsabit Road, Kenya Colony. 
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Genus Linognathus Enderlein. 

Ltnognailim Ferris, Contrih, Toward Mon, Sucking Lice, V, p. 0(5 
[336] (1932). 

Linognathus Bedford, S, Afr, Ectoparasites, p. 408 (1932). 

This jrenus has recently been nioiiof^Taphed by Ferris and 
now comprises twenty-seven species found on Bovidae and 
domestic dog; of these twenty have been recorded from South 
Af ri ca 

Linognathus aepycerus Bedford. 

Linognathus aepycerus Bedford, Ondcrstepoort Jour, Vet, Sci, 
c^* Anim. Indust,, VII, i, p. 62, t.f. 5-G (1936). 

Described from males and females taken off Aepyceros 
melampus (Impala), between Pretoria and Johannesburg; also 
females off the same host, Rustenburg District, Transvaal. 

Linognathus angulatus (Piaget). See Linognathus gazeUa Mjoberg. 

Linognathus bedfordi Ferris. 

Linognathus hedfordi Ferris, Contrib. Toward. Mon. Suck. 
Lice, Y, p. 117 f3871, t.f. 236, 238 b, c, e, h, 239A-r) 
(1932). 

Described from siiecimens taken off Antidorcas marsupial is 
(Spiingbok) at Onderstepoort. 

Linognathus damaliscus Bedford. 

Linognathus damahscus Bedford, Onderstepoort Jour. IVA. 
;SV/, cS- Anini. Indust., VII, i, p. 61, t.f. 3-4 (1936). 

Described from males and females taken oft’ Datnaliscus 
alhifrons (Blesbok). Zoological Gardens, Johannesburg, and 
females off Damaliscus dorcas (Bontebok), Bredasdorp, (bP. 

Linognathus fractus Ferris. 

Linognathus fractus Ferris, Contrih. Toward Mon. Suck. Jjice, 
V, p. 96 [366], t.f. 220, 221 (1932). 

Linognathus nov. sp. Bedford, S. Afr. Ectopaiasifes, p. 409 

(1932). 

Described from specimens taken off Tragelaphus sylvaticus 
(Bushbuck) at Onderstepoort. 

Linognathus gazella Mjoberg. 

Linognathus gazella Mjoberg, Arkiv. for Zoologi, VI, p. 157, 
f. 78 (1910). 

Linognathus gilvus Fahrenholz, Jahrhucli der Hamburg TF/.9- 
\^ensch. AnstaL, XXXIV, p. 18, f. 5 (1917). 

Linognathus gazella (Mjoberg) Ferris, Contrih. Toward Mon. 
Suck. Lice, Y, p. Ill [381], t.f. 232b, e, f, 234 (1932). 

Linognathus angulatus Bedford, S. Afr. Ectoparasites, p. 409 
(1932). 
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As Ferris (JI932) has pointed out, specimens recorded by 
Ferris (1910) and Bedford (1927 and 1932) taken off Cephalopvs 
natalenna (Red Duiker), Mfongosi, Zululand and Sylvicaprn 
(jrimmi (Duiker) from Transvaal and Zululand prove to be L, 
pazella. Bedford (1932) also recorded it as L, anguhiius from 
Philantornba m€7ittcola (Blue Duiker), Pietermaritzburg, Natal. 
L, gazella was described by Mjoberg from gazella Hamburg 
Zoological Gardens, and also erroneously recorded by him as 
L, afigvlatvs from Cephalophus s}). in the same gardens. The 
latter were later described by Fahrenholz as L. gilvvs. 

L. (uigulatus is only known from Cephalopus 7i{grifrons and 
should be deleted from the South African list. 

Linognathus hippotragi Ferris. 

Linognathns hippotragi Ferris, CoTiirib. Toirard Moii, Suck. 
Lice, V, p. 103 [373], t.f. 226, 227 (1932). 

Described from specimens taken off Hippotragus niger (Sable 
Antelope) in the Zoological Gardens, Johannesburg. 

Linognathus iimnotragi Cummings. 

Linognathus liimiotragi Cummings, 7??///. Knt. Res., IV, p. 
36, f. 1 (1913). 

Linognathus Iimnotragi (Cumins.) Ferris, Cant rib. Tou'ard 
Mon. Suck. Lice,'Y. p. 113 [383], t.f. 231a, i-j, 232c-i) 
(1932). 

Recorded by Ferris taken off Tragelaphus sylvaticus (Bush- 
buck) at Onderstepoort; also froiP Tragelaphus .u^ripUis, Zoolo¬ 
gical Gardens, London. It was described by Cummings from 
specimens taken off Limngtragus {^Tragelaphus) grains, in the 
Zoological Gardens, London, from the Congo. 

Linognathus peleus Bedford. 

Linognathus peleus Bedford, Onderstepoort Jour. Vet. Sci. 

Anini. Indust., VII, i, p. 59, t.f. 1-2 (1936). 

Described from males and females taken off Pelea capreolus 
(Vaal Rhebok),. NaauwpiKirt, C.P. 

Linognathus spicatus Ferris. 

Linoganthus spicatus Ferris, Contrib. Taward Mon. Suck Lice, 
V, p. 118 [388], t.f. 237, 238a, g, 239e (1932). 

Described from specimens taken off Gorgon taurinus (Blue 
Wildebeest), Maasstroom, Northeim Transvaal. Specimens have 
also been taken off the same host species in the Zoological 
Gardens, Pretoria. 

Genus Haematopinus Leach. 

Haermitopinns Bedford, S. Afr. Ectoparasites, p. 411 (1932). 

Haematopinus Ferris, Contrib. Toward>^ Mon. Suck. Lice. VI, p. 5 

[419] (1933). 

This genus has recently been monographed by Ferris and 
now comprises eleven species found on ungulates; of these eight 
are parasitic on South African hosts. 
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Haematopinus acuticeps Ferris. 

Haematopinus acuticeps Ferris, Contrih, Towatd Mon. Suck, 
Lire, VI, p. r)3 [467], f. 275 (1933). 

Described from females taken off IJippofnji Is hurrhelli 
(Zel)ra), Mpwapwa, Tanganyika Territory. 

Genus Piitiittivs Leach. 

Phthirus pubis (Linnaeus). 

Phihirus pubis (Linn.) Bedford, S, Afy. Erfoparasifcs, p. 414 
(1932). 

Specimens have been received from Dr. K. F. La^vience 
taken off' a chimpanzee in the French (\)ngo along ^^ith speed- 
mens of Pedirulus schaajji Fahrenholz. 


Order HEMiPTERA (^RHYNCHOTA). 

Suborder HETFHOPTEIIA. 

Genus (\4('oi)Mrs Stal. 

Cacodmus sparsilis Bothschild. 

(Jacodinus sparrilis (Hoihs.) Bedford, S, Afr. Erlopavasitvs, 
]). 416 (1932). 

S])ecimens have been taken oft' Scoiophihis ntt/nta d\V(f<ini 
at Onderstepoort. Ib'oviously recojded taken from the same host 
in Natal. 

Cacodmus villosus (Stal). 

Cacodmus rillosus (Stal) Bedford, S. Afr, kJrtoparasftes, p. 
415 (1932). 

Additional rccoids: Fioin Housetfus colhiris (Illiger), l^ie- 
termaritzburg, Natal, and Eptesicus capensis, Onderstepoort 
(coll. G.A.n.B.). 

(Teiius Apiikania Jordan & Rothschild. 

Aphrania Jordan & Roths., Novit. Zool„ XIX, p. 353 (1912). 

Generic characters: Setae shorter than in Cacodmus, only a 
small number of lateral ones on the pronofum longer 
than the first antennal segment. Second sc'gmeiit oi pro¬ 
boscis shorter than fourth. Hind tibia with distinct 
pseudo-joint, mid tibia with indistinct joint, and foie 
tibia without pseudo-joint. This genus contains a single 
species. 

Aphrania barys Jordan & Rothschild. 

cf Aphrania harys Rothschild & Jordan, Norit. Zo<d., XIX, ]). 
355-356, t.f. 3, 4 (1912). 

Described from males collected at Maseru, Basutoland. The 
host is unknown. 
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Order DiPTERA. 

DIPTERA PUPIPARA. 

Family HIPPOBOSCIDAE. 

Genus Hippobosca Linn. 

llippohosca Bedford, S. Afr. Ectoparasites^ p. 418 (1932). 

Hippobosca martinaglia Bedford. 

Hippobosca martinaglia Bedford, Onderstepoort Jonrn. Vet, 
Sci, ^ Anirm Indust., VII, i, p. 67, f. 1 (1936). 

Des(!ribed from females and a male taken olf Impala, Aepy- 
ceros melampns (Lcht.), Bar R Ranch, Swaziland. 

Genus Oenitheza Speiser. 

Ornitheza metallica (Schiner). 

Oniitheza metallica (Sch.) Bedford, aS. Afr. Ectoparas'iics, p. 
421 (1932). 

Additional record: One female from Layard’s Bulbul, 
Loidorusa layardi (Gurn.), Ondeistepoort, 2 Nov., 1933 (coll. 
G.A.H.B.). 


Genus CEAi AEttiNA von Olfers. 

Crataerina Bedford, S. Afr. Ectoj)arasites, p. 425 (1932). 

Crataerina melbae (Rondani).^ 

Chelidomyia melbae Rondani, Bull. Soc. Ent. Ital., XI, p. 
17 (1879). 

Crataerina rtielbae (Rond.) Austen, Parasit., XVIll, iii, pp. 
358-359 (1926). 

One male and one female taken off African Great Swift, 
Tachymarptis melha atfricana (Temm.), Mamathes, Basutoland, 
12th December, 1933 (coll. C. J. Giiillarmod). In the female 
the second basal cell is divided into two by a supernumerary 
transverse vein, but in the male this cell is not divided. Nor- 
mall}^ it is divided in both sexes. 

This species has previously been reported taken off the 
Alpine Swift, T. melha (L.). Austen records one male from 
Switze^and and one female without locality label. 

Family STREBLIDAE. 

Genus Raymondia Frauenfeld. 

Raymondia bedfordi Ferris. 

Baymondia bedfordi (Ferris) Bedford, S. Afr, Ectoparasit., 
p. 427 (1932). 

Additional record: From Petalia damarensis (Ptrs.), Gokha 
Hills. 
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Raymondia huberi huberi Frauenfeld. 

Raymondia huberi (Frauenfeld) Bedford, S, Afr, Ectopara¬ 
sites, p. 427 (1932). 

Additional records: From Ilipposideros raffer (Siiiid.;, 
Tzaneeii, Tforthern Transvaal (coll. H. H. Dilly), and Cleotis 
percivalli australis Ilbts., TJitkyk, near Krngersdoip, Transvaal 
(coll. G. van Son). 

Raymondia waterstoni Jobling. 

^ cJ Raymondia waterstoni Jobling, Parasit., XXlll, i, pp. 79-83, 
t.f. 1, 2 a.I) (1931). 

Described from specimens taken off Rhi^mlophus simulator 
from Tanganyika Territory. 

Additional records: From Rhinolophus gcoffroyii augur 
Anders., in a cave, Fretoria (coll. G.A.H.B.); also from Rhnio- 
lophus empnsa and Clocofis perciralli australis It bis., Uitkyk, 
near Xrugersdorp, Transvaal (coll. G. van Son). 

Genus NycTKianoscA Speiser. 

Nycteribosca Jobling, Parasit., XXVI, i, pp. ()4-()9 (1934). 

This genus now contains 17 species, one of whicli is doubt¬ 
ful. Of these, only two have been recorded from the Kthiopian 
region. 

Nycteribosca africana (Walker). 

Strcbla africana Walker, List of the Specimens of Diptera 
Insects in the Collection of the British Museunu Part 
IV, 1146 (1849). 

Raymondia kullari Frauenfeld, Sitzunshcr, Ahad. Wien, 

XVTIl, p. 329, f. Ja-b (1855), nec Schiner, 18(i(S. 

Nycteribosca hollari Speiser, Arch, f. Naturg., LXA^l, p. 

(1900). 

Nycteribosca africana (Walker) Jobling, Parasit., XXVI, i, 
pp. 86-88, t.f. IOa-c (1934). 

Nycteribosca africana (Walker) Bedford, S. Afr, Ectopara¬ 
sites, p. 427 (1932). 

Nycteribosca hollari (Speiser) Bedford, ibid,, p. 427 (1932). 

As Jobling has shown, Nycteribosca hollari (Frauenfeld) is 
a synoym of Nycteribosca africana (Walker). 

Additional record: From Rhinolophus empnsa, TTitkyk, 
near Krugersdorp, Transvaal (coll. G. van Son). 

Order 8IPHONAPTERA. 

Family TTJNGIDAE. 

Genus Echidnophaga Olliff. 

Echidnophaga larina Jordan & Rothschild. 

Echidnophaga larina (Jord. & Roths.) Bedford, S .Afr, Ecto¬ 
parasites, p. 435 (1932). 

Additional record: Domestic Pigs, Pretoria District. 
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Family PULICIDAE. 

Genus Procaviopsylla Jordan. 

Procaviopsylla angolensis Jordan. 

Procaviops,i/l1a angolensis (Jordan) Bedford, S, Afr, Ecto¬ 
parasites, p. 438 (1932). 

Additional record.; Specimens have been collected by Dr. B. 
De Meillon from lleterohgrax granti, Zoutpansber^, Northern 
Transvaal. 


Genus Xenopsylla Glinkiewiez. 

Xenopsylla Bedford, S, Afr. Ectoparasites, p. 440 (1932). 

Xenopsylla cheopis (Rothschild). 

Xenopsylla cheopis (Itoths.) Bedford, *S. Afr. Ectoparasites, 
p. 442 (1932). 

Additional record: Mas nmscuhis (House Mouse), Pieter¬ 
maritzburg, Natal (coll. V. F. VVoodhviss). 

Xenopsylla phyllomae De Meillon. 

cf Xenopsylla phyllomae De Meillon, Publ. S. Afr. Jnstit. j\/cd. 
Pes. (33), VI, p. 205, pi. 4, f. 1-2 (1934). 

Described from a male taken oft Aethontys chrysophilvs 
fzanecncnsis (.Jameson), Zoutpansberg*, Northern Transvaal. 

Genus Ctknocepiialides Stiles & Collins. 

Ctenocephalides connatus (Jordan). 

Ctenocephalides connatns (Jordan) Bedford, S. Afr. Ecto- 
jjarasites, p. 447 (1932). 

Additional record: Specimens taken off a hare, Tzaneen, 
Northern Transvaal (coll. B. De Meillon). 

Genus Ceratopiiytxus Curtis. 

Ceratophyllus Bedford, S. Afr. Ectoparasites, p. 448 (1932). 

Jordan (1933.) has recently split this genus up into a number 
of genera. Both C. fasciatus (Bose.) and C. hmdimensis Roth¬ 
schild are now included in the genus Xosopsylhis Jordan. 

Genus Nosopsylta:s Jordan. 

Nosopsyllus Jordan, Novit. 7jOo1., XXXIX, i, ]). 70 (1933). 

Genotype: Ceratophyllus fasciatus (Bose.). 

(See note under previous genus.) 

Genus CktASTOPSYLUA Rothschild. 

Chiastopsyila rossi (Waterston). 

Chiastopsylla rossi (Waterst.) Bedford, S. Afr. Ectoparasites, 
p. 453 (1932). 

Additional record: Specimens taken off Qrammomys doli- 
churns (Cape Arboreal Rat), Pietermaritzburg, Natal (coll. V. F. 
Woodiwiss). 


108 



O. A. H. BEDFORD. 


(j-enus Ctenophtiiadmus Kolenati. 

Ctenophthalmus calceatus Waterston. 

Ctenophthahnus calceatvs (Waterst.) Bedford, S, Afr. Ecto¬ 
parasites, j). 457 (1952). 

Additional records-. Specimens have been received from Di. 
V. ¥. Woodi wiss taken olt the following liosis at rieterinaritz- 
burg, Natal; Otoinya irrorat/ua (Water Hat), Mva muscuius 
(House Mouse), HhabdonKya pumiho (Striped Moiise), 
rattan (Black Bat) and Gramvionvys dolirhurun (Cape Arboreal 
Rat). 


Genus IJiNorsYLLUs Jordan & Rothschild. 

Oinopsyllus lypusus Jordan & Rothschild. 

DinopnyUan lypunns J. & R. Bedford, S. Afr, Ecfoparasiten^ 
p. 408 (19d2). 

Additional records: Specimens have been taken off Man 
rnancalan (hlouse Mouse) and Grain mom yn dolicharan (Cape 
Arboreal Rat), Rietermaritzburg, Nalal (coll. V. V. Woodiwiss). 

Genus JiEPTOPSYU.A Jordan and Rothschild. 

Leptopsylla segnis (S( hdnb.). 

Leptonylla ncgnis (Schimh) Bedford, S. Afr. Ectoparasites, p. 
4()() (19d2). 

Additional record: Spe(*imeTis taken off Gram mo my s doli- 
cliuran (Ca])e Arboreal Rat), Rieterinai itzhiirg, Natal (coll. V. F. 
Woodiwiss). 
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Pasteurellosis: An Outbreak Amongst Sheep. 


By M. W. HENNINU ani» M. H. V. BBOWN, Sections oi 
Bacteriology and Palhology, Onderstepoort. • 


INTRODUCTION AND BRIEF SUMMARY OF 
LITERATURE. 

Oases ot pasteurellosis or infection with bipolar organisms in 
domestic animals and birds are frecjnently reported from diil'erent 
parts of South Africa; but, apart from the description of the disease 
in sheep given by Maybin (1931) and the account of Fowl Fholera 
by Ifenning- and (V)les (1933), the information fiirnislied legarding 
the incidence of pasteurellosis in this country is unreliable and 
incomplete. According* to s<ime of the loutine pathological specimens 
received at Onderstepoort, however, it would appear that pasteiirel- 
losis in shee]) is far more w’idesj)read than is generally recognised. 
Maybin found the disease extremely prevalent in South-West Africa, 
where it affected goats as woll as various breeds of sheep, the highest 
mortality occurring in Karakul sheep and their crosses; from the 
[mthological s])ecimens received at Onderstepoort it ai)pears that in 
the Fnion Persian sheep are mostly affected, Merino shee]) not having 
made any significant contribution. 

In Europe haemorrhagic septicaemia of sheej) was fiist described 
ill 1889 (Galtier) and since then it has been recognised over wide 
areas of the continent. The relation, however, between European 
haemorrhagic septicaemia of sheep and the condition liere described 
is not (dear. Hutyra and Marek (1926) describe peracute, acute, 
subacute and cdironic forms of the disease whereas in this outbreak 
these forms could not be differentiated—apart irom one or two 
acute cases in the exjierimental animals only the chronic form with 
the development of pneumonia and pleuritis was seen. 

Levshon’s (1932) description of An Ovine Affection " coincides 
more closely with the condition recorded here. lie observed cases 
of imsteureJla infection in sheep wdiere the animals lived from 
tw^elve hours to three or four days, and showed at auto])sy ])iieumoiiia 
w’ith numerous bipolar (Organisms present. Ilis description agrees 
largely with DungaU’s (1931) account of a contagious pneumonia of 
sheep occurring in Iceland betw^een October and June; from some 
of these c^ses bipolar organisms jmthogenic to sheep were ivsolated. 
Laikipia lung divsease (Mettam, 1930) apjiears to be another form of 
this condition. Curassoii and Didier (1932) record heavy mortality in 
sheep, especially amongst young animals, due to a pasieurclla infec¬ 
tion. It is interesting to note that these workers used a vaccine made 
fiom a formolised cuilture w’hich w^as claimed to be effe(‘tive in 
reducing mortality. 
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Numerous other workers including Miessner and Schern, Frohner 
and Zwick, Wiemann J., and others describe ovine pasteurella 
infections and allied conditions. A few years ago Schiitze (1929^ 
gave a comi)rehen8ive review of pasteurellosis. 

History of the Present Outbreak. 

In December 1931 the experimental farm of the University of 
Pretoria imported two Eyeland rams from England, and a year later 
five ewes of the same breed. The imported sheep were kept with a 
number of Merinos on the University farm. All were pastured under 
identical conditions in the same camps, fed from the same food and 
housed in the same buildings. During the winter of 1933 one of 
the rams (ram No. 1) bet.ame unthrifty and developed a short dry 
cough. It w^as treated for bronchitis and kept under observation. 
It improved slightly and served a few ewes, but in March, 1934, 
it suddenly developed acute tympanites associated with intense 
pulmonary distress from which it died within twenty-four hours. 
An autopsy levealed marked lesions of necrotic fibrinous pleuro- 
pneumoniaj hydrothorax and hy draper i card iiun. a(‘ute catarrhal 
gastro-entritis, tracheitis, jiharyngitis and laryngitis, enlarge¬ 
ment of the liver and spleen, and degenerative changes in the 
kidneys. 

Cultures were made from the heart-blood and pneumonic areas. 
No growth resulted in the tubes inoculated with heart-blood, but 
several smooth whitish-grey, moist-looking, translucent colonies of 
different sizes appeared on the serum-agar slants inoculated with 
material from the lungs. A few single large colonies were picked, 
subculttired and studied. The organisms of the different colonies 
appeared to be much alike so that the growth obtained from only 
one colony was studied in detail. This culture was designated 
'pasteurella 182 and is described below. 

A week after the death of ram No. 1 the second ram (ram No. 2) 
also developed symptoms of acute pneumonia and died about fifteen 
hours after it was first noticed sick. An autopsy again revealed 
lesions of fibrinous ^pleuro-pneumonia, hydrothorax, hydr<)i)eri- 
cardium, and inflammation of the pharynx, larynx and trachea. 
Both lungs were involved and there were fibrinous adhesions between 
the pulmonary and costal pleura. There was gastro-enteritis, 
degeneration of the kidneys, and enlargement of the spleen and liver. 
Cultures were again made from the heart blcK)d and lung lesions and 
as in the case of ram No. 1 several greyish-white, moist, smooth, 
translucent colonies of different sizes developed on the media 
inoculated with the material from the lungs, but the tubes seeded 
with heart blood remained sterile. Morphologically the organisms 
from the different colonies were indistinguishable, and finally a 
culture obtained from one of the smaller colonies was kept and 
studied in detail, the others being discarded. This culture was 
called pasteurella 181 and is described below. 

As a result of the death of both these animals the University 
was left without any male breeding stock and it was hoped that a 
purebred ram lamb (ram No. 3) the progeny of ram 2 now alnmt 
five months old would soon be available for breeding purposes. As 
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the five Ryeland ewes and their progeny, including ram 3, did not 
thrive so well as the locally bred Merinos it was thought advisable 
to inoculate them with a vaccine made from culture the vaccine 
used being a formolised saline emulsion of a twenty-four hours old 
serum-agar growth. All the sheep were inoculated once onlJ^ Soon 
afterwards all the ewes improved remarkably in condition, l)ut ram 
3, although showing a slight improvement, remained unthrifty. 
Early in August it suddenly became worse and developed acxite 
pneumonia from which it died the following day. The most out¬ 
standing lesions found on autopsy w^ere fibrinous pleiiro-pneumonia, 
hydropericardium, hydiothorax, fatty degeneration of the liver and 
kidneys, gastro-enteritis and tumor splenis. 

Cultures were made from the heart-blood, liver, spleen, lung 
lesions and pleuritic, fluid. Numerous smooth translucent, shiny, 
greyish-white, moist colonies of varying sizes were observed on media 
inoculated with material from the lungs; the liver and pleuritic fluid 
also yielded growths. A number of the larger and some of the smaller 
colonies were })i(‘ked, subcultured and studied. In morphology and 
staining characteristics the organisms from the large and small 
colonies were indistinguishable, but in virulence and bio-chemical 
reactions they showed noticeable diflerences. The organisms from 
the large colonies were ai)parently identi(‘al and a culture 11*0111 only 
one {pasteurella 247) was kept for further study; great differences, 
however, were observed between the cultures obtained from two of 
the small colonies and between them and those obtained from the 
large colonies. The two small colonies studied yielded cultures 247a 
and 247(‘. The colonies found on the media seeded ’with liver were 
similar to the large colonies produc*ed on the serum-agar by the lung 
material; the culture obtained from the pleuritic fluid became con¬ 
taminated with /?. suhtilis and wjis discarded. 

BACTERIOLOGY. 

(1) Pastkukklla 182. 

Morphology and Staining Characteristics, 

The organisms were generally small, ovoid and irregularly 
arranged in smears, sometimes pleomorphic, some being short bacil¬ 
lary (ovoid) in form while others were long and filamentous. They 
were non-motile. Bipolar staining was common and gave the bacilli 
a characteristic appearance, especially in very young cultures and in 
blcM)d smears made from <‘ases of septicaemia. In some cultures, 
however, the bipolar staining was not apparent. The organisms 
w^ere Gram-negative. 


Cultural Characteristics, 

There was a moderate growdh on most of the ordinary laboratory 
media. Freshly isolated cultures grew fairly well on nutrient agar, 
but after repeated subcultivation the growth became poorer and 
poorer. On serum-agar a much more abundant growth w’as obtained. 
Single colonies were raised, greyish-white, clear, translucent, moist, 
smooth, and spread peripherally during the course of a few days’ 
growth. Fresh cultures could be washed off readily with saline, 
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hut older ones became dull and viscous, and tended to adhere to the 
medium. Saline emulsions, even when made from fresh cultures, 
were generally flocculent. On solid media a maximum growth was 
usually obtained after two to three days incubation. 

In broth a uniform turbidity was formed after twenty-four hours 
and a white, powdery, sometimes flocculent deposit (K)llected at the 
bottom of the tube. The growth continued in broth for weeks so 
that in the course of a fortnight, or sooner, a thick flocculent deposit 
was found at the bottom, leaving the supernatant fluid almost clear. 
The deposit disintegrated with difficulty and it required a great deal 
of shaking before a uniform emulsion could be obtained. {Sometimes 
a pellicle formed on the surface of the fluid. On blood agar there 
was no haemolysis and gelatin w^as not liquified. 

Bioch emical Reaction s . 

Acid without gas was formed in glucose, saccharose, manniie 
and maltose. Litmus milk was not altered, the methyl-red and 
Voges-Proskauer reactions were negative, while the methylene blue 
reductase and catalase tests were ])Ositive. Nitiates were reduced, 
ammonia and a small amount of hydrogen suljffiide as well as indol 
were foBined. 


Virtilence Tests, 


(a) For Gttinea- 2 )if;s, 

Guinea-pigs 1 to 14 were inoculated as follows: — 


Guinea-pigs. 

Method. 

1 and 2. 

Intraperitoneal | 

S and 4. 


i) and tt. 


7 and 8. 

,, ; 

9, 10, 11, 12. 

’ * i 

13 and 14. 

1 


Material. 


J/20 of a 24-hour8 old serum agar slant. 
1/200 of a 24-hours old serum agar slant. 
1/2000 of a 24-hour8 old serum agar slant. 
1/20000 of a 24-hours old sonim agar slant. 
1/200000 of a 24-hour8 old serum agar slant. 
0*05 c.c. of a 24-hours old broth culture. 


Guinea-pigs 1, 2, 3, 4, 5, G, 7, 13, and 14 w’ere dead within twenty- 
four hours. Guinea-pigs 8 and 9 died after forty-eight hours, while 
10, 11, and 12 survived for a week when they were reinoculated 
wuth the same dose of organisms as before. Within forty-eight hours 
all were dead. All the dead guinea-pigs showed lesions of severe 
fibrinous peritonitis, tumor splenis and enteritis, w^hile some showed 
in addition hydrothorax and hydropericardium. Pasteurella in pure 
culture were obtained in media inoculated with heart-blood from 
guinea-pigs 5, 7, 8, 9, 10, 11, and 13. No cultures were made from 
the others. 

Subsequently iwo more guinea-pigs were inoculated intrai)eri- 
toneally with 1/200,000 of a twenty-four hours old serum-agar 
culture. Both died within forty-eight hours showing typical lesions 
of pasteurellosis and Ivoth yielded pure cultures of pasteurella in 
media inoculated with heart-blood. 
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(b) For Rabbits, 

Babbits 1 to 5 were inoculated as follows: — 


Babbits. 

Method. 

! 

Intravenous. 

. 



** 


’ ’ 


” 


i_ _ 




1 c.c. of a 24-hours old broth culture. 

2 c.c. of a 24-hour8 old broth culture. 

1/10 of a 24-hours old serum agar culture. 
1/100 of a 24-hours old serum agar culture. 
1/1000 of a 24-hours old scrum agar culture. 


Babbit d died after a week, but pasteuvellae could not be found in 
media inoculated with heart-blood and no outstandino- lesions were 
revealed at autopsy. Two more rabbits were inoculated with 1/10 
of a twenty-four hours old serum-agar culture; one of these died 
after four days, but again heart-blood cultures remained negative 
for pasteureJIae and no lesions were observed. The other rabbits all 
remained healthv. 


(c) For Fi(/eons, 

Pigeons 1 and 2 were inoculated respectively with 1/10 and 
1/100 of a twenty-four hours old serum-agar culture. Pigeon 1 died 
after forty-eight hours, but j)igeon 2 survived. The inoculations 
were made intramuscularlv 


{(]) F<fr Sheep, 

Sheep 07280 was inoculated intraxmlmonarily with 10 c.c. of a 
twenty-four hours old broth culture of pastevfella. 182 (15.0.04). On 
March iGth and 17th it was listless with an elevated temperature 
(107*5^ F.) and accelerated respiration. On March 18th it died 
and an autopsy revealed a necrotic fibrinous pleiiro-pneumonia with 
hydrothorax and hydi'opericardium. l^ultiire media seeded with 
heart-blood yielded a pure culture of pastern ell a. 

Sheep 28078 uas injected intrapulmonarily (19.0.04) with 2 c.c. 
of a twenty-four hours old broth culture. After twelve hours the 
animal became listless, its temperature shot up to 1080 jr 
breathing became rapid and distressed. The temperature suddenly 
dropped to 100® F. on the next day and then to 104° F. on the day 
after that. On the fourth day the temperature was 102° F. and on 
the sixth day the animal died. The most outstanding lesions 
presented were hyperaemia and oedema of the lungs, and hydroperi- 
<‘ardium. The carcase was fairly decomjyosed at the time of autopsy 
and no cultures were made. 

Sheep 38880 was inoculated intrapulmonarily (25.3.34) with a 
2*5 c.c. of a twenty-four hours old broth culture. ()u the eighth day 
the temperature rose to 106° F. remained at that level for two days 
and then dro])ped to 103° F. on the tenth day a few hours before the 
animal died. Symptoms of listlessness and distressed breathing were 
also manifested' during the febrile stage. 'An autopsy revealed 
lesions of fibrinous pleuritis, slight pericarditis, icterus and gastro¬ 
enteritis. Pastenrellae were obtained from the media ^seeded with 
heart-blood. 
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Sheep 37744 was inoculated intravenously (15.3.34) with 10 c.e. 
of a twenty-four hours old broth culture. The temperature shot up 
to 108® F. within twelve hours and the animal was found dead on 
the following day, showing lesions of pulmonary congestion and 
oedema, and epicardial haemorrhages. A pure culture of pasteurella 
was obtained from the heart-blood. 

Sheep 3200(5 w^as inoculated intravenously with 2 e.c. of a twenty- 
four hours old broth culture. On the fourth day the temperature 
suddenly shot up to 107® F. while the animal became listless and 
showed rapid distressed breathing. During the following two days 
the temperature dropped, reaching 103*2® F. a few hours before the 
sheep died on the sixth day. Cultures made from the heart-blood 
yielded pastenrellae and the chief lesions observed w^ere fibrinous 
pleuro-pneumonia, atelectasis of both lungs and enteritis. 

Sheep 33993 was inoculated intravenously (22.3.34) with a saline 
emulsion of half a twenty-four hours old serum-agar culture. On 
the follow’ing day the temperature w^as 105*6® F. and the breathing 
distressed. After the first day the temperature rapidly dropj)ed ami 
was 103® F. a few* hours before the animal w^as killed in extremis 
on the fourth day. The only pathological (changes observed at autopsy 
were atelectasis of the right lung, enteritis and enlargement of the 
liver. 

Sheep 36988 w*a8 inoculated intravenously w'ith 1/10 of a twenty- 
four hours old serum-agar culture. f)n the following day its 
temperature had risen to 106*5® F. and its breathing was very rapid; 
on the secxmd day the temperature had dropped to 102® F. and after 
that it fluctuated for several days between 102® F. and 105® F. 
Finally the temperature remained regular and the animal recovered. 

Sheep 34333 w^as inoculated intravenously with 1/50 of a saline 
emulsion of a twenty-four hours old serum-agar culture. No obvious 
disturbance of health w*as noticed at any time. 

The lungs and spleen of ram 2 were passed through a Latapie 
mincer and the emulsion obtained was utilised as follows: — 

Sheep 27240 was inoculated intravenously (14.3.34) with 10 c.c. 
of the Latapie emulsion. On the second day the temperature was 
105*6® F. and then fluctuated between 105*5® F. and 104® F. until 
the tenth day when it rose to 106*4® F. and on the twelfth it was 
106*8® F. After this the temperature gradually dropped to 103® F. 
and the animal died on the twenty-fifth day. The most outsanding 
lesions recorded were purulent pleuro-X)neumonia, (there w*ere frac¬ 
tures of ribs on the right side with laceration of the corresponding 
lung) hydropericardium, fatty degeneration of the liver, and kidneys, 
and atelectasis of the right lung. 

Sheep 38914 wus injected intrapulmonarily (14.3.34) with a 
1() c.c. of the Latapie emulsion. The temperature rose to 106*5® F. 
within twenty-four hours and then dropped to 102® F. op the second 
day; on the thirteenth day the temperature again rose to 106*8® F. 
and dropped on the following day as before. The sheep finally 
recovered. 


m 



M. W. HENNING AND M. H. V. BROWN. 


On March IGth sheep 37G98 was inoculated intravenously with 
10 <i.c. of a Berkefeld filtrate of the Latapie emulsion. On the 
second and fifth days the temperature suddenly rose to 105^ F. and 
subsided on the following days. The animal showed no further 
reaction and remained healthy. 

On Marcli 16th sheep 37417 was inoculated into the right lung 
with 10 c.c. of a Berkefeld filtrate of the Latapie emulsion. Apart 
from a moderate rise in the temperature the sheep remained healthy. 

Sheep 37831, 37818, 37798 were kept as controls in close contact 
with the above experimental animals. All remained healthy. 


1 tiimunlsing Properties . 

An atempt was made to immunise laboratory animals with either 
formolised or live cultures of paUeureUa 182. Guinea-pigs were 
inoculated with formolised saline emulsiouvs of serum-agar cultures 
or with formolised broth cultures and rabbits were injected wdth live 
emulsions. 

Eighteen guinea-pigs were inoculated subcutaneously at w’eekly 
intervals with progressively increasing doses of a formolised forty- 
eight hours old broth culture. The first dose was 0*5 c.c. and the 
final dose was 5 c.c. inoculated on tw’o sides of the body. Six 
injections in all w*ere given. 

Six guinea-pigs were repeatedly inoculated with progressively 
increasing doses of a formolised saline emulsion of serum-agar cul¬ 
tures. The density of the emulsion corresponded to the opacity of 
the nephalometer tube (Burroughs and Wellcome) indicating a 
concentration of /?. coli 3 x 10® per c.c. The dose varied from 
O.'T) c.c. to 2 c.c. 

Babbits were inoculated with increasing doses of live cultures; 
1/1,000, 1/100, and 1/10 of a twenty-four hours old serum-agar 
slant being injected intravenously at w*eekly intervals, commencing 
with the smallest dose. 

A week after the last inoculation the guinea-pigs w^ere tested 
for immunity. They were inoculated intraperitoneally with various 
dilutions of saline emulsions made from tw^enty-four hours old serum- 
agar cultures. Those injected with amounts in excess of 1/200,000 
of a culture all died, showing pasteurellae in the heart-blood, while 
about 50 per cent, of the guinea-pigs injected wdth 1/200,000 of a 
culture survived. 

On account of the jwor immunity produced in the guinea-pigs, 
it w^as decided to ascertain the agglutinin titre of the vsenmi of 
some of the animals w’hich had received the injections. Accordingly, 
four of them were bled to death and the serum separated. An 
agglutination test was made w’ith the homologous organisms com¬ 
mencing wuth a dilution of 1/10. The test was entirely negative. 

The same test was performed with four of the rabbits injected 
with the live emulsions, but apart from an incomplete agglutination 
in a dilution of 1 : 50 in one case the tests were negative. 
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The results of other workers, Schiitze (1929), Cornelius (1929) 
also seem to indicate that the antigenic properties of pasteurellas 
are generally very feeble and that they are unreliable for the produc¬ 
tion of sera of a reasonable titre. 

The use of precipitating sera, as described by Yusef (1935), for 
the recognition of pasteurellas has not been tried. 

Results, 

Pasteurella 182 has been found to be highly pathogenic for 
guinea-pigs and sheep, but rabbits and pigeons were extremely 
resistant to infection and withstood doses of virulent culture that 
proved to be lethal for shee]). The organism apparently has a i)re- 
dilection for pulmonary tissue and serous membranes because the 
lungs and pleurae were almost invariably affected extensively even 
when the infection w^as made by the intravenous route. Affected lungs 
2 )as 8 ed through the Latapie mincer produced a definite reaction in 
sheej) when the injection was made either intravenously or intrapul- 
nionarily. The animal inoculated by the former route died from 
fibrinous pleuro-])neumonia, w^hile the sheep that received the emul¬ 
sion by the latter route recovered. Berkefield filtrates of the Lata])ie 
emulsions were harmless for sheep. 

The immunity produced in guinea-pigs by repeated injections 
of formolised cultures was negligible, and .in both guinea-pigs 
and rabbits inoculated with dead and live cultures respectively, 
appreciable amounts of agglutinin could not be demonstrated. 


(2) Pasteurella 181. 

In morphology, and staining characteristics this organism could 
not be differentiated from pasteurella 182. Cultures of pasteurella 
181 on serum-agar retained the moist, translucent appearance longer 
than the other organism, they became less adherent to the underlying 
medium and did not develop the dullness so early. The primary 
freshly isolated cx)lonies were smaller than the single colonies of 
pasteurella 182, but on subculturing the (*olonies became larger. 


Biochemical Reactions, 

Fermentation of sugars was found to be irregular; generally 
acid but no gas was formed in glucose, saccharose, maltose, mannite, 
and inosite. Indol was not formed, nitrates were not reduced and 
the methyl-red and Voges-Proskaues tests were negative; but 
ammonia and hydrogen sulphide were formed. The methylene blue 
reductase and catalase tests were both positive, but litmus milk 
remained unaltered. 


Virulence Tests, 

(a) For Rabbits ,—Babbit 1 was inoculated intravenously with 
J. C.0, of a twenty-four hours old broth culture and rabbit 2 was 
inoculated with a 2 c.c. of the same culture. 
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(b) For Guinea-pigs ,—Guinea-jjigs 1 to 5 were inoculated as 
follows: — 


Guinea-pigs. 

Method. 

1 

1 Material. 

1. 

2. 

Intraperitoneal. 

0*05 c.(5. of a 24-hours old broth culture. 
0*1 c.c. of a 24-hour8 old broth culture. 
0*25 c.c. of a 24-hour8 old broth culture. 
0‘5 c.c. of a 24-hour8 old broth culture. 

1 c.c. of a 24-hour8 old broth culture. 

3. 


4. 

>> ••••••• 

5. 



After forty-eight hours guinea-pigs 4 and 5 were dead, pasteurellae 
being recovered from cultures made from the heart-blood. Both 
the rabbits and the other three guinea-pigs remained healthy. The 
test was repeated on guinea-pigs with saline em\ilBions of serum-agar 
cultures, but death resulted only in those animals that received very 
Jarge doses—1/5 and 1/10 of an agar slant. 

Results. 

Pasteurelln 181 was only very slightly pathogenic for guinea- 
])igs, and rabbits remained unaffected even by emjjloying (‘om])ara- 
tively large doses of virulent culture. It ditfeied from pasteurella 
182 culturally, biochemically and in virulence. 


(0) Pastki rella 247. 

In morphology, cultural and staining characteristics this 
organism was found to be identi<*al with pasteurella 182. 

B i och era I cal React io n s . 

Like strain 182 this organism formed acid but no gas in glucose, 
saccharose, mannite and maltose. It did not change litmus milk 
or liquify gelatin. It gave negative methyl red and Voges-Proskauer 
tests, but })ositive inethj'lene blue reductase and catalase reactions. 
It reduced nitrates, formed ammonia, a small amount of hydrogen 
sulphide, and indol. 

Virulence. 

In virulence also this organism closely resembled pasteurella 182. 


Virvlcncc Tests. 


(a) For Guinea-pigs, 

Guinea-pigs 1 to 6 were inoculated as follows: — 


Guinea-pigs. 

Method. 

1. 

2. 

Intraperitoneal. 

3. 


4. 


5. 


6. 





Maic'rial. 


0*5 c.c. of a 24-hour8 old broth culture. 
0*1 o.c. of a 24-hour8 old broth culture. 

1 /20,000 of a 24-hour8 old sonim agar slant. 
1/20,000 of a 24-hourB old serum agar slant. 
1/200,000 of a 24-hours old serum agar slant. 
1/200,000 of a 24-hour8 old serum agar slant. 
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After forty-eigfht guinea-pigs 1, 2, 3, 4, 5, were dead, showing 
lesions of hydrothorax, hydropericardium and intense fibrinous 
peritonitis; pastevrellae were obtained in pure culture from the heart- 
blood of the dead animals. Guinea-pig 6 survived. Later four more 
guinea-pigs were inoculated each with 1/200,000 of a twenty-fuor 
hours old serum-agar slant; of these three died. 

{h) For Rabbits, 

Rabbit 1 was inoculated intravenously with 1/10, rabbit 2 with 
1/100, and rabbit 3 with 1/1,000 of a twenty-four hours old serum- 
agar slant. After forty-eight hours rabbit 1 was dead, but no 
pastenrellae were found in media inoculated with heart-blood and 
no outstanding lesions were detected in the carcase. Two more 
rabbits were inoculated each with 1/10 of a twenty-fours hours old 
serum-agar slant and the result was the same as before. Rabbits 2 
and 3 survived. 

(r) For Pigeons, 

Pigeon 1 was inoculated intramuscularly with 1/10 and pigeon 2 
with 1/100 of a twenty-four hours old serum-agar slant. After 
forty-eight hours pigeon 1 was dead, but pigeon 2 survived. 

{d) For Sheep, 

Sheep 40531 was inoculated intravenously (8.10.34) with half 
the emulsion from a twenty-four hours old serum-agar slant of 
pasteureUa 247. On the following day the temperature was very 
high (100-8^ F.) and the animal showed distressed and rapid 
breathing. The symptoms persisted for five days when the animal 
died. An autopsy revealed intense fibrinous pleuritis, marked 
oedema and congestion of the lungs, hydrothorax, hydroperi(^ardium, 
fatty degeneration and bile pigmentation of the liver and enteritis. 
Cultures were made from the heart-blood, liver, pleuritic fluid and 
lungs, from all of which pastevrellae were obtained. 

Sheep 40444 was ijioculated intravenously (8.10.34) with 1/10 of 
a twenty-four hours old serum-agar slant. Within twenty-four hours 
the temperature rose to 107*7® F. but dix)pped to normal on the 
following day; on November 2nd and 9th the temperature again 
rose to 105® F. After this the temperature dropped and the animal 
recovered. 

Sheej) 40994 was injected intratracheally (17.10.34) with 1/10 of 
a serum-agar slant; the same dose was repeated after a week. The 
sheep remained apparently healthy. 

Sheep 41034 was injected intratracheally (17.10.34) with one- 
half of a twenty-four hours old serum-agar slant, the same dose being 
repeated after a week. A certain amount of the first dose was 
expelled through the nose while the animal was being drenched. 
The day following the second injection the temperature rose to 
106® F. and then gradually subsided for a week until it reached 
102® F. After this the temperature rose periodically to 105® F, but 
the animal recovered. 
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Sheep 40488 was drenched (15.10.34) with 20 c.c. and sheep 
40538 with 450 c.c. of a forty-eight hours old broth culture of 
pasteureUa 247. Both luiimals remained apparently well. 

Slye}} 40414 was drenched (12.10.34) with about 100 c.c. of an 
emulsion made from the lungs of sheep 40531 (which died from an 
intravenous injection of pasteureUa 247). On the tenth day its 
temperature rose to 107^ F. and then suddely dropped to 102^ F. on 
the following day; on the tw^enty-second day the temperature rose 
to 105*4® F. and again dropped to 102® F. within twenty-four hours; 
on the thirty-firsi day there was another rise to 105® F., after 
which the temperature gradually dropped to 101*8® F. and no further 
reaction oc(*ured. 

Sheep 40777 was drenched on (12.10.34) with about 100 c.c. 
pleural fluid from sheep 40531 (which died from an intravenous 
injection of pasteureUa 247). On the thirteenth day the temperature 
suddenly rose to 107® F. and then as suddenly dropped to 103® F. on 
the following day. After this the animal remained healthy. 

Results. 

PasteureUa 247 was shown to be pathogenic for guinea-pigs and 
sheep, l)oth rabbits and pigeons being remarkably resistant to 
infection. In guinea-pigs infection was very readily set up by 
intraperitoneal inoculations, while in sheep death was produced by 
the intravenous route. Although a fatal infection did not result 
from an intratracheal injection of virulent material, sheep so injected 
showed a severe thermal reaction. When virulent cultures were 
given per os no reaction was observed, but wdien organ material from 
an experimentally infected sheep was given to two sheep by the 
same route a definite thermal reaction was set up in both cases. 

The organism apj)ai*eutly has a predilection for pulmonary tissue 
and serous membranes as the most outstanding lesions developed in 
in the hings and pleurae, even when virulent material was given 
intravenously. 


(4) Pasteitrklla 247 («). 

In morphology and staining (jharacteristics 2 >(^stevreUa 247 (a) 
was indistinguishable from pasteureUa 247 but differed from it 
culturally, biochemically, and in virulence. In these respects it 
resembled pasteureUa iM. Primary colonies of this organism on 
serum-agar were much smaller than those of pasteureUa 247. After 
subculturing single colonies became much larger. 

Biocheviical Reactions. 

PasteureUa 247 {a) formed acid but no gas in glucose, saccharose, 
mannite, maltose, and inosite. It did not change litmus milk, the 
methyl-red and Voges-Proskauer tests were negative; indol was not 
formed and nitrates were not reduced; ammonia and hydrogen 
sulphide were formed in small quantities; the methylene blue 
reductase and catalase reactions were positive. 
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Virulence I'ests, 

Guinea-pig 1 was inoculated with 0*1 c.c. of a twenty-four hours 
old broth culture, guinea-pig 2 was injected with 0*25 c.c. and 
guinea-pig d with 0*5 c.c. Guinea-pig 3 died after forty-eight 
hours, but Nos. 1 and 2 remained healthy. The test was repeated 
with three more guinea-pigs with similar results. Pasteurellae were 
recovered from the heart-blood of the dead animals. 

These results indicated that pasteurella 247 (a) resembled 
pasteurella 181 not only in morphology, cultural and staining 
characteristics, but also in biochemical reactions and virulence. It 
cannot be regarded as identical with j)a\sfcureUa 247 and 182. 

(5) Pasteurella 247 (c). 

In morphology and staining characteristics pasteurella 247 (c) 
was also very much like pasteurella 247, but differed from it 
culturally, biochemically and in virulence. 

Although this organism also grew best on serum-agar it grew 
only moderately well in broth and poorly on nutrient agar; but the 
colonies were very much smaller than those of pasteurella. 247 and 
a much weaker growth was obtained on laboratory media, including 
serum-agar. 


Jhochemical Reactions . 

No change occured in litmus milk, indol was not formed, the 
Voges-Proskaues and methyl-red tests were negative, nitrates were 
very slightly reduced, and ammonia was formed in very small 
quantities, the methylene blue reductase test was weakly positive 
and the catalase test was negative. Sugars were not fermented at 
all. The growth on sugars and on the various media used for bio¬ 
chemical tests was very poor, a fact which possibly explained the 
absence or mildness of reactions. 

. Virulence Tests, 

Guinea-pig 1 was injected intraperitoneally with 0*5 c.c. of a 
twenty-four hours old broth culture and guinea-pig 2 with 1*0 c.c. of 
the same culture. Both animals remained healthy. 

These results show that a third and entirely different type of 
pasteurella was obtained from the cultures made from the lungs of 
ram 3. It differed from strains 247, 247(a), 182, andlSl, and it 
was the least pathogenic of all the strains isolated and studied. 

Clinical Observations. 

These are confined to the three natural cases seen in the Eyeland 
rams and the cases of pasteurellosis produced in sheep by the injection 
of strains 182 and 247 of the organism. Of the three natural cases 
seen one was noticed to be sick for only twenty-four hours before 
death occured. The other two showed symptoms of pneumonia for 
periods of two to three weeks before succumbing. Individual 
experimental sheep varied clinically to a large extent apparently 

124 



M. W. HENNING AND M. H. V. BROWN, 


depending upon the amount of material and the method used. For 
example, sheep d7744 received 10 c.c. of a broth culture on the 
afternoon of 15.3.34 and died on the next day, the disease assuming 
a septicaemic form. On the other hand, sheep 27240 received 10 c.c. 
of a lung emulsion from one of the early cases on 14.3.34 and died 
from pleuro-piieumonia on 9.4.35 nearly a month after the injection. 

In the animals that died from the septicaemic or acute form of 
the disease symptoms observed consisted of severe respiratory distress 
with accelerated breathing and pulse rates and marked hyperthermia. 
AVithin twenty-four hours the animals were dead. A number of the 
experimental sheep, however, as well as two of the natural cases 
slnnved considerable similarity in clinical symptoms. The high 
febrile reaction o(‘curing a few days after the injection was charac¬ 
teristic. and it was always associated wdth accelerated respiration and 
pulse rate; the 1)reathing in addition becoming distressed. After 
reaching its highest point usually betw’een 107® and 108® F. the 
temperature alw’ays dropped to about 104® F. shortly before death. 

Shee]) 32000 which received 2 c.c. of a broth culture intra¬ 
venously on 19.3.34 may be taken as Avell representative of the usual 
case seen. The temperature remained between 102® and 104® F. 
u]) till the morning of 22.3.34, when it commenced to rise and by the 
afternoon of the 23rd it had reached 107® F. Then it dropped 
almost as suddenly as it had risen and was 104® F. on the afternoon 
of 24.3.34 shortly before the animars death on the 25th. On the 23rd 
the animal remained dowm with a greatly accelerated pulse and 
respiration rates, and had a slight bilateral muco-purulent nasal 
discharge. In the animals which recovered an intermittent fever 
was maintained for periods of up to three or four weeks. The 
temperature fluctuated betw’een 103® F. and 108® F. eventually 
reaching a normal level. During the period of fever the pulse and 
respiration rates were increased but dropped again as the fever 
decreased. 

AVhiLst it would be unwdse to make a diagnosis of pasteurellosis 
upon clinical grounds alone the symptoms seen can be usefully 
(‘orrelated with post-tnorteni aj)pearances and laboratory examina¬ 
tions. 


PATHOLOGICAL ANATOMICAL CHANCES. 

These are confined to the post-mortem appearances seen in sheep; 
both in the natural cases from the University farm and in the cases 
artificially produced with strains 247 and 182 of the organism and 
ending fatally. They may be roughly classed with those seen in 
sheep that died from the septicaemic or acute form i.e. within one 
or two days and those seen in animals w^hich were sick for a week or 
more. 

Changes in the animals wdiich died from the acute or septic¬ 
aemic form were limited to severe hyperaemia and often oedema of 
the lungs with enlargement of the spleen. The latter change was 
never very severe, the largest spleen seen measuring 10x7*5x2 cms, 
Hydrothorax and hydropericard were usually seen, and in some 
instances there was a hyperaemia of the mucous membrane of the 
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gastro-intestinal tract. Slight fatty degeneration of the liver and 
kidneys was noticed in these cases. No emaciation was seen except 
in the case of the third Hyeland ram which was losing condition 
for some months before it developed acute pneumonia and died 
suddenly. 

In the animals which died after a more lengthy course of the 
disease, much more significant and severe lesions were noted at 
autopsy. They usually showed some degree of emaciation; those 
that had been ill for some time were often very poor in condition. 
In one sheep (27240) two ribs on the right side were fractured but 
this was apparently the result of a traumatic injury. The changes 
which may be classed as occurring almost invariably were those in 
the respiratory tract. There was frequently a muco-purulent 
discharge from the nostrils and in many cases a severe hyperaemia 
of the pharynx, larynx and trachea. The lungs and pleural mem¬ 
branes were the seat of severe damage in almost every animal, 
either fibrinous |)leuro-i)neumonia or purulent bi'oncho-])neumonia 
being prevsent. Usually the lung w^as found partially deflated and 
heavier than normal. It was firm to the touch and of a mottled 
bluish-red or light red colour. The pleural membranes, both 
costal and pulmonary were frequently covered with a fibrinous yellov^ 
deposit up to 2 cms. in thickness and the lung was often attached 
by fibrinous material to the costal wall over varying areas. A large 
amount of turbid yellow or red fluid was usually present in the 
thoracic and, to a lesser extent, the pericardial cuvity. 

On sectioning the lung, which cut like a solid organ such as 
liver, the cut sxirfac.e varied in colour from a light pink to a dark red, 
often with lighter coloured yellow areas. A reddish turbid fluid 
could be expressed and was pres^tent in the bronchioli. Frequently 
light coloured areas of soft necrotic tissue were seen. The whole of 
the lung tissue was never hepatised—the parts usually affected being 
the anterior and inferior parts of Ixdh lungs—and the junction 
between the normal and healthy tissue was alw^ays clearly demai- 
cated. In some of the cases parts of the lungs were atelectatic, being 
completely collapsed and dark red in colour. 

Changes in the other organs were limited to fatty degeneration 
of varying severity in the kidneys and liver and occasionally a slight 
enlargement of the spleen. The gastro-intestinal tract sometimes 
show’^ed hyperaemia in the mucosa. 

HI8TO-PATHOLOGICAL CHANCES. 

In every case that terminated fatalljr specimens of internal 
organs were collected and fixed in formalin; sections were cut by 
either the freezing or the paraffin embedding method. Organ smears 
were also made and stained with Giesma. The stains used in the 
sections w^ere Haematoxylineosin, van Giesen, Sudan III, and 
Giemsa, 

The sheep that died from the acute form of the disease showed 
very few' histological changes: the blood content of the spleen was 
increased and the lymphoid follicles enlarged. Bipolar organism were 
demonstrated without difficulty in spleen smears from these cases. 
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In the lungs hyperaemia and oedema was observed. The alveoli 
were filled with clear serous material and the capillaries were 
distended with blood. 

In animals that lived a week or more after the infection 
characteristic changes developed in the respiratory organs. In the 
lungs a constant feature was the severe hyperaemia present. Every 
capillary blood vessel was packed with blood cells. In almost every 
case areas of consolidation were present. The alveoli in these areas 
were filled with a mass of fibrinous material, neutrophiles and red 
blood corpuscles. The fibrin was in the form of a network of very 
fine strands in which the infiltrating cells and red corpuscles were 
enmeshed. Large phagocytic (tells (macrophages) were also present. 
The fibrin, rather difficult to identify with the Haematoxylin-eosin 
stain was very clearly shown up by Wiegert’s method (Fuchsin, 
Methylviolet and Lugol’s iodine). In these cases of fibrinous 
pneumonia in sections (tut by the paraffin method and stained with 
Giemsu numerous bacteria were present amongst which bipolar stain¬ 
ing organisms could be clearly identified. Necrotic areas were seen 
in which all cell structure had disappeared and whi(th showed up 
as light pink staining (Haematoxylin-eosin) homogeneous structure¬ 
less foci surrounded by a zone of neutrophiles. 

Cases were seen in which as well as a fibrinous pneumonia, areas 
of purulent broncho-pneumonia were also present. Here the alveoli 
contained no fibrin but were blocked with a mass of neutrophiles and 
large phagocytic cells. Jn some of the sheep this type of pneumonia 
only was present, and no bipolar organisms wtue seen, although 
numerous cocci and short bacillary organisms could be demonstrated. 

In some sheep the pneumonic changes were accom])anied by a 
fibrinous pleuritis. In sections the pleural membrane of Imth the 
lung and the costal wall was roughened and thickened and covered 
wuth a dense layer of fibrin which again appeared on a network of 
fibrils eiudosing here and there red blood corpusclt^s and a lew’ neutro¬ 
philes. In the sections stained w’ith (xiemsa bipolar organisms, as 
well as other bactera, c.ould be demonstrated fairly easily. In smears 
made from the consolidated parts of the lungs numerous bacteria 
w’ere j)resent irududing frequent bipolars. 

The histological changes in the lung can then be summarised 
as including acjute and sub-a(!ute fibrinous and purulent broncho- 
-pneumonia, frequently with areas of necrosis and fibrinous pleuritis. 

In other organs such as liver and spleen a hyperaemia was 
occasionally noted, w’hilst in the liver and kidneys fatty degenera¬ 
tion to a greater or lesser extent w^as usually pre.sent. 

DISCUSSION. 

A virulent form of pasteurellosis in Eyeland sheep at the 
experimental farm of the University of Pretoria w’as investigated. 
Of the three natural cases studied, two had been suffering from a 
chronic pulmonary infection for several w^eeks before they died w^hile 
the third (ram 3) was not noticed sick for more than twenty-four 
hours before death, Ryeland ewes kept under identical comlitions 
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and in close contact with the rams did not suffer in the same way. 
It is true that at one time these ewes were unthrifty and that they 
improved in condition after they had been inoculated with a formo- 
lised emulsion of pasteurella 182, but there is no proof that they 
suffered from pasteurellosis or that the improvement could be 
attributed to the inoculation; ram 3 which received the same treat¬ 
ment finally succumbed to a pulmonary disease from which an 
organism {pasteurella 247) identical with pasteurella 182 was 
obtained. 

Primary cultures made from the lungs of ram 1 produced a 
growth containing several colonies of different sizes; one of the largest 
of these w^as picked and subcultured for a detailed study. It yielded 
culture 182 wdii(*h was composed of small ovoid (short bacillary), 
bipolar-staining, Gram-negative organisms corresponding to the 
description of pasteurellae given by Topley and Wilson (1929). This 
organism proved to be highly pathogenic for guinea-pigs and sheep, 
but apparently non-pathogenic for rabbits and pigeons; it was found 
to have a predilection for pulmonary tissue and serous membranes; 
when a live culture wtis injected intravenously into sheep patho¬ 
logical changes developed in the lungs, pleurae and pericardium in 
prefereiK’e to other parts of the body. In the three natural cases 
studied the lungs, pleurae and pericardium w’ere affected most 
extensively. Moreover, the lesions ])re8ented by the exi)erimentally 
pioduced cases closely resembled those observed in the natural cases. 

Repeated inoculations of formolised cultures of pasteurella 182 
did not appreciably increase the resistance of guinea-pigs to infection 
with virulent live cultures and the serum of the immunised ’’ 
guinea-pigs was devoid of any agglutinin content. Likewise no 
agglutinins could be demonstrated in the serum of rabbits inoculated 
with live cultures. 

On serum-agar media seeded wdth material from the diseased 
lungs of the second ram several colonies of different sizes developed ; 
one of the smaller colonies was picked, subcultured and studied. 
The organisms of this culture { 2 >asteurella 181) were also ovoid, 
bipolar-staining and G^’am-negative; but although morphologically 
indistinguishable from pasteurella 182, it differed from it culturally, 
in virulence and in biochemical reactions, the most striking of w’hich 
wus its inability to form indol and to reduce nitrates. For guinea- 
pigs it wus barely pathogenic, very large doses being necessary for 
the production disease. 

On account of the similarity of the pathological changes 
l)resented by these two rams and the apparent similarity of the 
primary growths on serum-agar seeded with pulmonary material from 
ranis 1 and 2 it is suggested that each of the primary cultures con¬ 
tained at least two different types of colonies, one of them yielding 
virulent organisms corresponding to pasteurella 182 while the other 
gave rise to non-virulent bacteria like pasteurella 181. It is further 
suggested that the small colonies of the primary growths contained 
the non-virulent organisms while the large ones yielded virulent 
cultures. The bacteriology of the cultures obtained by seeding 
pulmonaiy material from ram 3 on serum-agar slants supports this 
view. 
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That the diseased tissues of naturally infected animals can set 
up a condition in sheep whi(‘h is Tike the naturally occur- 
ing i)asteurellosis is borne out by the effect of Latapie emulsions 
of the affected tissues of ram 2 on experimental sheep. Moreover, 
the fact that a severe fibrinous pleuro-pneumonia was produced m 
one animal suggests that the lungs contained a pathogenic organism 
as w'ell as the slightly pathogenic pasteurella 181. 

When ram -i died from a condition in which the symptoms and 
jjathological tdianges were apparently identical with those recorded 
in ram 1 and 2 another opportunity was presented for studying Ihe 
bacteriology and pathology of the disease. 

Serum-agar media w’ere seeded with material from the lungs, 
liver and pleural cavities. The tubes inoculated with pulmonary 
material yielded several moist, greyish-white, smooth, translucent 
<‘olonies of different sizes scattered over the surface of the media. 
A number of the difterent colonies, small and large, were picked and 
subcultured. The organisms obtained from the large colonies were 
found to be alike and a culture obtained from only one, pasteurella 
247, was kept; the colonies that appeared on the media inoculated 
wuth liver w^ere of the large variety and resembled [fastenrella 247. 
The tubes seeded with pleuritic fluid also yielded a growth but as it 
was contaminated with B. suhtilis it w^as discarded. 

Culture 247 was found to be identical wuth strain 182, not only 
in morphology, cultural and staining characteristics, but also in 
virulence and biochemical reactions. Like pasteurella 182 it formed 
indol and reduced nitrates, and w’as also highly pathogenic for 
guinea-])igs and sheep, but not for rabbits and pigeons. An intra¬ 
venous inoculation of sheep with this organism produced lesions 
which w’ere not only similar to those presented by natural cases 
(rams 1,2, and 3) but also to those observed in sheep infected experi¬ 
mentally wdth pasteurella 182. 

An attempt w^as also made to set up an infection either bj’' 
intiatracheal injections or by dosing of live cultures. As a result 
of the intratra<*heal injections a marked thermal reaction was set up, 
but the oral administration, even of large quantities (450 c.c. broth 
culture) of live (uiltures had no apparent effect on the sheep. . 

Several of the small colonies scattered over the serum-agar media 
seeded wdth lung material from ram 3 w’ere picked. The cult\ires 
(247a and 247c) obtained from two of these were finally kept and 
studied. The organisms of the one w^ere found tr) differ from those 
of the other, and the bacilli of both cultures differed from those 
obtained from the large colonies {pasteurella 247). 

Pasieurella 247a was noticed to resemble pasteurella. 181 not 
only in morphology, cultural and staining characteristics, but also 
in virulence and biochemical reactions. Like 181 it did not produce 
indol or reduce nitrates and it fermented the same sugars; it was 
also found to be very slightly pathogenic for guinea-pigs, compara¬ 
tively large doses being necessary to cause death in the inoculated 
animals. 
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Fastevrella 247c yielded a mucli poorer growth than either 247a 
or 181. It differed from both of these culturally, in biochemical 
reaction and in virulence. For guinea-pigs it was non-pathogenic, 
even in very large doses. 

That virulent and avirulent forms of paateureJlac can be 
recovered from the same organ of an animal suffering from pasteurel- 
losis has been proved. 


SUMMARY AND CONCLUSIONS. 


From the three cases of pasteurellosis in sheep studied, five 
different strains of were obtained, 182 from ram 1, 

181 from ram 2, and 247, 247a, and 247c from ram 3. 

Of these strains 182 and 247 were highly pathogenic for both 
sheep and guinea-pigs, and almost non-pathogenic for rabbits and 
pigeons. Both showed the same biochemical reactions and both 
produced similar pathological changes in experimental animals 
inoculated with live cultures. They resembled each other also in 
morphology, staining and cultural characteristics. Pasfenrcllae 182 
and 247 can therefore be regarded either as idenlie^al or so closely 
related that they cannot be differentiated bv the methods employecl. 
Both these organs have a predilection for pulmonary tissue and serous 
membranes and l)oth ])roduced lesions in experimental animals that 
could not be differentiated from those found in nalural (uses studied. 
These two organisms are considered to have been the cause of the 
mortality among the Ttyeland sheep at the experimental farm of the 
University of Pretoria. An identical disease in experimental sheep 
was produced by the injection of organ emulsions and cultures made 
from the original cases from the University farm. Berkeveld filtrates 
of organ emulsions from natural cases did not produce the disease. 

So far no success‘has yet been attained with immunisation tests 
in laboratory animals aiul no properly controlled immunisation 
experiments have been carried out with sheep. 

The pathogenesis of the disease under natural conditions is still 
obscure. 

Pasteurellae 181 and 247a cannot be distinguished from each 
other by the tests employed; both are very slightly pathogenic for 
guinea-pigs and both have the same biochemical reactions, and they 
agree in morphology, cultural and staining characteristics. Both 
have originated from small colonies picked from primary cultures of 
pulmonary material. 

Pasteurella 247c does not resemble either of the two groups of 
organisms mentioned above. It is entirely non-pathogenic for 
laboratory animals. 
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These results indicate— 

(1) that ihe small cx)lonie8 picked from the primary growths 
on media seeded with material from affected lungs yielded 
cultures which were either non-pathogenic (247c) or only 
very slightly pathogenic (247a, 181); 

(2) that the large colonies obtained from similar growths gave 
rise to highly pathogenic cultures (182 and 247); 

(3) that when several colonies were picked from the same 
primary growth, highly pathogenic, slightly pathogenic 
and non-pathogenic cultures may be obtained e.g. cultures 
247, 247a, and 247c); 

(4) that if only one colony is picked from the primary growdh 
eiilier a highly pathogenic culture (182) or one which 
is barely pathogenic (181) may result. 

It is possible that the non-pathogenic and slightly pathogenic 
pasteurellac occur as saprophytes in the lespiratory passages of sheep 
in certain areas and thal ihey invade the lungs only when the way 
has been paved for them by the entrance of pathogenic, pasfeurellae 
of ihe ty])e 182 ami 247. These latter enter the tissues and set up 
disease under conditions which have not yet been determined. 

In making a l)a(;teriological study of a case of pasteurellosis, 
therefore, it is recommended that several colonies of different sizes 
be picked from the primary growth, and that the pathogenicity of 
each one be studied separately. Only in this way luay the presence 
of i)athogeiiic pastenrellae be determined. 
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The Isolation of Single Bacterial Cells. 


By J. H. MASON, Section of Bacteriolooy, Onderstepoort. 


Thk writer has three reasons for introducing whai, io many workers, 
is a somewhat threadbare subject: (1) In the minds of not a few 
people with whom the author has discussed the matter, the impression 
still ])ersists that the technique of the isolation of sinjrle bacterial 
cells is extremely difficult, involvings months, if not years, of practice 
for its successful ac(|uisition. Heller (1921) stated that she found 
the Barber (1914) method wasteful of time, mateiial, eyesight and 
nervous energy ’’ in the isolation of anaerobic bacteria. There is 
some justification for saying* that a wastage of time and energy 
occurs when, after the successful isolation of ten to twelve bacteria 
or simres, not one germinates. This point, the germination of the 
single germ, especially when it concerns the anaerobes has not 
received the same amounl of attention that the actual isolation has. 
The latter is a simple mechanical process, the former one over which 
the ()])erator has not the same degree of control. (2) A method of 
isolation, to be of real practical value and to enjoy a constant and 
wide application, must be simple and devoid of tedium and time 
wastage. Preferably should it be such that the worker would prefer 
to employ it rather than use plate or vshake methods of isolation. 
Again, the learning of the technique should not require months of 
practice nor should it be of such a nature that only those i^eople with 
“ hands ” can easily acquire it. Beyniers (1933) desc ribed a method 
by which beautiful micro-pipettes may be made mechanically. The 
writer gained the impression, wrong, he hopes, that the making of 
the apparatus would be one requiring considerable skill and time. 
Doubtless, however, to see the designer himself at work would dispel 
this idea. The method, used by the writer for over four years, has 
j)roved to be so simple that three colleagues, after ha If-an-hour’s 
practice in pipette-making have settled down and isolated (wiih 
vsuccessful germination) single germs of Cl. welchii and B. anthracis, 
(3) The third reason advanc*ed for the presentation of this note is in 
the nature of a plea f(3r the more extended use of the single cell 
isolation method as a routine measure. The saving of lalmur and 
of time involved in obtaining definitely pure cuiltures and the feeling 
of assurance in having these pure cultures greatly outweighs the 
only disadvantage (in the writer’s opinion) of the expenditure of 
the money for the micromanipulator. But even a machine costs no 
more than a good microscope and where the outlay is impossible a 
locally-made apparatus or the modification used by Malone (1918) 
may be employed. Finally, there is the possibility that less would 
be heard of bacterial mutation if cultures were first ])urified by the 
single-cell method. 
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The Making of Micro-pipettes ,—On the making of satisfactory 
pipettes depends the success of isolation. The writer was quite 
unable to make an efficient article by the ** tiny flame method as 
described by Barber (1914) and Chambers (1922)). That this method 
gives highly satisfactory results there is no doubt; never having had 
the procedure demonstrated to him and the use at these laboratories 
of ‘‘ paraffin gas ’’ (Mansfield system) are doubtless the reasons for 
the failure. The electrical heater described (Mason 1933) solved the 
difficulty. The two elements, arranged in the form of a V, may be 
made broad or narrow. If narrow, the type of pipette most desirable 
for isolation work is easily prepared. It is advantageous that the 
micro-portion should not be more than 1*5 to 2 cm. long and that it 
should leave the thick portion of the hand drawn capillary sharply. 
A long tapering micro-pipette trembles easily and when raised against 
the cover slip in the process of isolation gives ’’ considerably, 
necessitating much adjustment of the control screws of the machine. 
Such a tapering pipetie is liable to be pulled when the breadth of 
the elements is 3*0 cm. or more. Elements of 2*0 cm. give satis- 
fa(;tory results. 


Details. 

1. Choose soft glass tubing with an external diameter of about 
7*5 mm. and an internal diameter of about 0 mm. Cut portions 
about 30 cm. long. Soak for an hour or two in 5 per cent, hydro¬ 
chloric acid, rinse thoroughly in tap wat^r and then in distilled 
water. Allow to drain and dry. Plug both ends with wool and 
sterilize in the hot-air oven. Over a Bunsen flame, prepare two 
ordinary Pasteur pipettos from each portion of glass tubing. Store 
in a dust-free receptable until required. 

2. Make a match-head flame by connecting, by means of rubber 
tubing, a fairly large bore hypodermic needle to a Bunsen burner, 
(-arefully pull a much smaller capillary from the capillary end of 
the Pasteur pipette. Care should be taken to pull steadily and ovt 
of the flame whenever the heated portion of glass is nearly molten. 
The length of fine capillary pulled will vary in length from 3 to 6 cm. 

3. Lower the fine capillary portion into the glowing heater, and 
so arrange its position that the micro-capillary comes off sharply. 
Whenever the glass ‘‘ gives pull gently and evenly, raising the 
pipette slightly in the heater. Very little practice is necessary to 
learn the degree of traction necessary for the making of a satisfactory 
article. As a rule separation of the micro-capillary portion from 
the distal end of the fine capillary occurs, but if not, the distal end 
is severed with wsharp scissors. 

4. The end of the micro-pipette must be turned up for a distance 
of al>out 2 mm. This is accomplished by holding it al^ve the match- 
head flame. As the capillary turns up quickly, care should be 
exercised to ensure that too much is not bent or that too acute an 
angle does not occur. As the distal end of the turned-up portion is 
almost certain to be fused, enough is cut off with sterile scissors to 
leave approximately 2 mm. To ensure the patency of the opening, 
air is pumped, by means of hand bellows, through the pipette into 
alcohol. One can judge of the diameter of the hole by the size of 
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the bubbles xu'oduced. The type of bellows used is important. One 
of the writer's colleagues nearly discarded what were excellent 
pipettes because he was unable to blow air through. He was using 
the common type of barbers’ bellows, made of thin rubber with 
intermediary bulb surrounded by string netting. Sufficient pressure 
was not obtainable. The use of thicik walled bellows with only a 
small intermediary bulb (also thick walled and without the netting) 
showed that the opening w’ere patent. 

The completed pipette is clamped to the manipulator. 

The Manipvlafor ,—The WTiter uses the machine manufactured 
by the Zeiss company and has found it eminently satisfactory in 
every way. Whatever aj)paratus is used, no matter how’ simple of 
construction, a sine qua non is that the movements must be precise 
and steady. A jerkiness will produce poor results and loss of 
patience. 

The moist chamber, cover slips and hollow-ground slides ,—The 
moist chamber w’as prej)ared from an ordinary microscopic slide by 
luting to it (l)y means of sealing w*ax) strips of slides so as to form a 
chamber enclosed on three sides, its depth being G mm. This de])th 
may without disadvantage be increased to 1 cm. One end is left 
open for the introdmdion and wdthdraw'al of the pipette. 

The cover slips and hollow’-ground slides present no special 
features. The concavity of the hollowed slide is 25 mm. in diameter 
and the cover sli])s are of such a size that they cover the area with 
plenty of room to spare. Just prior to use, both are cleaned with 
a clean cloth and sterilized by flaming. 

The Medium ,—This will depend on the germ to be isolated but 
it must be cajiable of being transformed into a solid or semi-solid 
trans])arent corn! it ion. 

The writer has used as routine horse-muscle infusion pe])tone 
agar plus 10 ])er cent, of a mixture of equal parts of sheep haemo- 
lysed cells and serum and a saline extract of guinea-pig liver. The 
preparation of the haemolysed cell and serum mixture has already 
been described (Mason 1034). The guinea-pig liver extract w’as 
added because it was found to have, as Tarozzi (1005) originally 
discovered, a stimulating effect upon the growth of anaerobes, the 
group of germs in which the writer w’us chiefly interested. Portions 
of the liver of a healthy guinea-pig w’ere removed with sterile pre¬ 
cautions and placed in thick w’alled test tubes. By means of a glass 
rod inserted through the cotton w’ool plug of the tube, the tissue was 
ground up. Enough ether w\as added to (‘over the liver and the tubes 
placed in an incubator at 37^ C. for three to five hours. Then 
sufficient sterile saline solution (0*85 per (ont.) was added to make, 
approximately, a 10 per cent, suspension of tissue. After stirring, 
the suspension w’as incubated for tw^enty-four hours. For use, equal 
parts of the serum, haemolysed cells and the clear supernatant of the 
liver extract w^ere mixed, and added to the melted agar. The sterility 
of the mixture was ensured prior to its addition. 

Care should be taken to have a very clear nutrient agar, as the 
presence of granules makes isolation very difficult. 
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The writer does not insist that the above described medium is 
the best that could be desired; it is mentioned because it has given 
excellent results with many different germs, and in particular with 
anaerobes. However, experience has shown that the admixture of 
some additional nutrient, such as raw serum, is advantageous, if 
not essential, in the obtaining of positive growth results even of 
such easily-grown microbes as Bad, coli and B. anthracis. 

The Culture ,—For the isolation of aerobes, young (twelve to 
twenty-four hours) surface cultures have been used, and suspended 
in broth just prior to use. The anaerobes will be discussed under 
the appropiate heading. 

77/e Isolation ,—Most workers isolate the single germs in droplets 
of broth on a cover slip, mark these drops, remove the contained 
germ with a new sterile pipette and break off the pipette end in a 
tube of broth. If ten such ivsolations are made, this involves the use of 
the same number of pipettes and the changes involved in fixing and 
adjusting them. What is, to the writer, a much simpler process, 
vi/i. the expelling, with one pipette, single germs on to the surface 
of a solid medium does not seem to have found the application it 
deserves. The methods destjribed by Hewlett (1918), Hort (1920), 
Fortner (1930), and Koblmuller and Vierthaler (1933) allow of single 
cells being isolated on the surface of agar. In the case of the first 
three, one must inoculate a thin film of medium with the germs and 
then search for and mark a microbe lying free. This involves 
considerable time and eye strain and its consistent success would 
depend upon always inoculating with a bacterial suspension of a 
suitable density. With the last-named authors’ technique, a number 
of single germs are mechanically removed from the edge of a young 
growing colony on an agar plate and the colonies resulting from 
them are observed and subcultured. With this method, the writer 
has had no practical experience. 

Details of Isolation (use of a Zeiss manipulator, microscope and 
lenses).—The microscope is clamped to the manipulator and the pre¬ 
pared micro-pipette with attached hand bellows fastened in its holder. 
The bottom of the n^oist chamber is moistened with distilled water 
(a few drops should be placed at one end, the chamber tilted to allow 
excess to run off and the bottom rubbed with the clean finger to 
produce a thin even layer of water). A thin even layer of vaseline 
is deposited on the tops of the walls of the chamber. It is then 
fixed on the mechanical stage. The tip of the micro-pipette is 
centred, first under the low power lens (No. 8) and then under the 
higher power lens (No. 40). A No. 5 ocular is used. The open end 
of the turned-up tip should be the only part of the pipette in focus. 
The micro-portion of the pipette should now be lying approximately 
in the middle of the chamber. A cover slip and a hollowed slide, 
held in clamp forceps are sterilized in the flame and left face ” 
downwardvS in their holders. Meanwhile nutrient agar has been 
boiled and cooled to about 50^ C. With a pipette, about 1*5 c.c. 
is deposited in a sterile tube and immediately enough of the serum- 
cells-liver mixture to make a 10 per cent, concentration is added and 
thoroughly mixed. With another pipette which has been opened 
bjr filing with a sharp file so as to produce a clean cut, the serum-agar 
mixture is sucked up and a thin micro-plate prepared. The cover 
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slip in the forceps is tilted to an an^le of about 45®-f)(P and a drop 
of the melted ag^ar allowed to run down it. A little practice is 
necessary to learn how much agar has to be deposited so that it does 
not run right down the slip and over the end. The agar solidifies 
almost as it runs, and a thin transparent micro-plate is thus formed. 
With a very small platinum loop, a droplet of a previously prepared 
suspension of the bacteria to be isolated is deposited on a portion of 
the cover slip. It is best to place this drop on the cover slip, some 
distance from the agar. The slip is then placed, agar side down¬ 
wards, on the moist chamber, pressing the sides lightly so that the 
vaseline seal is firm. The droplet of culture is focussed first with 
the low and then with the high power. The pipette point, having 
been previously centred will be just below the droi). Carefully raise 
the point into the culture, when the bacteria will be seen 14) flow iu. 
When some dozens or hundreds have entered, lower the point and, 
with the mechanical stage, bring one end of the agar strip into 
view, liaise the ])oint until it touches the agar; the moment of 
contact is easily seen. Lightly press the bellows and note the exit 
of bacteria. If, for example, only three emerge, it is worth while 
to pick up two leaving only a single germ. This is accomplished l)y 
bringing the point just under the germ, and raising it until it touches 
the agar. Often, the bacterium floats into the hole. If not, or if 
say ten germs emerge it is best not to waste time but rather to move 
to a new portion of agar (by means of the mechanical stage) and 
again try to expel only one germ. This may sound rather difficult, 
but actually by varying the pressure on the bellows and by allowing 
the pipette point just to touch the agar or to be slightly buried in it, 
ten to twelve isolations may be made in five to ten minutes. AVhen 
one is certain that only one germ is lying free the area is ringed 
with a nose piece diamond marker. The writer has been accustomed 
to make from eight to ten isolations on one plate, arranged in two 
rows. Having finished the isolations, the pipette is lowered and 
withdrawn fixmi the chamber, and the cover slip is carefully detached 
and placed over the concavity of the hollow slide. Vaseline is used 
to lute it in position. The slide is then ijicubated at ('. If one 
wishes to observe the progress of multiplication, the slide may be 
examined at freqiient intervals, the individual germs being easily 
found in the ringed areas. Otherwise the slide is removed and 
examined after twenty-four hours and those areas containing colonies 
noted. The (iolonies may be removed in two ways, (1) by the use 
of the naked eye and a fine platinum loop or needle or (2) the cover 
slip is again placed on the moist chamber and the desired colony 
emulsified in a drop of broth expelled on to it from a coarse micro- 
pipette and the emulsified bacteria allowed to run back into the 
capillary and finally expelled into a tube of nutrient. With the 
first method one must work quickly as the agar film dries out in a 
matter of five minutes; with the second procedure, a fresh pipette 
js needed for each colony. If desired, one may suck up a portion 
of the emulsified colony in a raicix)-pipette and then, on a fresh 
micro-plate, carry out another series of isolations. 

Some Practical Considerations. 

1. The Size of the Hole in the Micro-pipette ,—Contrary to what 
would be expected, a hole just large enough to allow of the passage 
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of a bacteiTiim has not proved suitable for isolation purposes. The 
germs do not flow into the pipette easily or at all and further, great 
difficulty* is experienced in expelling them. An aperture two to five 
times the size of the microbe has given the best results. 

2. The Density of the Inoculmn. —This should be such that 
when the pipette point is raised into the inoculation droplet, each 
individual germ should be observed to enter. When they enter 
en 7nasse, the suspension is tcx) dense. 

3. The Thickness of the Agar Film and the Spacing of the 
Isolations ,—The film should be as thin and even as possible and its 
area should be such that when the cover slip is luted to the hollowed 
slide, no part of the agar touches the slide. The distance between 
each isolation should be so arranged that the resulting colony can be 
picked without danger of touching another colony. 

4. The Bellows, —As previously stated, this should be made of 
thick rubber with no or only a small intermediate bulb. If the 
type with the net-covered intermediary bulb is used, the pressure 
can be released only by disconnecting the bellows from the pipette. 
One must be able to apply or release the pressure at will. Further, 
considerable pressure is often required to expel the germs. 

5. The Magnification Required, —The writer has found it of 
advantage to use as low power an eye piece as possible, otherwise 
loss of definition with resultant eye strain occurs. For large germs 
such as the anthrax bacillus, and also for bacteria as Cl, welchii and 
Cl, septicmn a Zeiss No. 5 eye-piece with a No. 40 objective have 
proved suitable (according to the Zeiss companjr this gives a magni¬ 
fication of X 200). When higher magnifications are required the 
oil immersion lens should be brought into use. With a suitably 
prepared agar film, sufficient working space is still available for 
this lens. A higher power eye piece (the Zeiss No. 7 or 10) should 
be used only to make certain that a single germ is lying in the field; 
it is not advised to carry out the actual isolation under such a lens. 
The condenser must be adjusted so that the bacteria stand out sharply. 
With ordinary daylight as illuminant, the writer has found that 
the lowering of it half to three quarters of its full distance gives 
the sharpest definition. 

(i. Actively Motile Bacteria ,—The method detailed is not suit¬ 
able for the- isolation of germs such as B, proteus; a confluent film 
will be produced, rendering the work valueless. One may still employ 
the agar film method, but one bacterium only may be implantea on 
the whole surface. Rather should one isolate the microbes in drop¬ 
lets of liquid medium, in which case the cover slip should be care¬ 
fully prepared as described in detail by Gee and Hunt (1928). Or 
one may employ the standard technique of isolating the germs in 
dioplets and transferring these to tubes of medium. 

7. Percentage of Positive Results, —With germs such as B, 
mithracis, Boot, coli, B, typhosus, B, pullorum and staphylococci one 
may expect six to ten of ten isolated cells to multiply. As one 
approaches the more fastidious microbes, as streptococci, the 
percentage of positive results drops, but the writer has had no diffi¬ 
culty in obtaining three to six positive results out of ten isolations 
of a delicately growing streptococcus.- 
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8. Application to Anaerohes. —It was with this aspect that the 
writer was chiefly interested. 

The culture to be used for isolation was, in the case of 67. welchii 
and tertium, an eighteen hours’ surface culture of the germ. The 
same could also be used for CL septicurn, hifermentans, sporogenes 
and oederthatieiu but experience showed that a young (twelve to 
eighteen hours) serum-cells-liver broth culture gave better results. 
Ordinary infusion broth was boiled for fifteen minutes, then cooled, 
the mixture added, and after heavy inoculation (to ensure rapid 
growth) was incubated in a gas-filled jar. A young meat broth 
culture could not be used owing to the presence of tiny meat particles. 

Fortner’s (1980) B, prodigiosus technique proved to be the best 
method of securing anaerobiosis. A slight modification was intro¬ 
duced. Instead of seeding a p<jrtion of the micro-plate with culture, 
the whole of two to four 18 houis’ agar slope cultures was smeared 
on the concavity of the hollowed slide. By such technique, germina¬ 
tion of Cl, welchii was repeatedly observed after three to six hours’ 
incubation. Experience showed that if multiplication had not 
commenced after twenty-four to thirty hours, it did not take place 
at all (micro-plates observed for seven days). By this modified 
Fortner technique, positive results were easily obtained with CL 
irr/r///V (Types A, B, C and D), tertinm, hfennentans and sporogenes, 
and with somewhat more difficulty with Cl, septicnm, oedeniatiens, 
teiani and sordelii. However, the greatest difficulty was experienced 
with CL ehauvoci and out of alwut 150 isolations, multiplication w'as 
obtained in one instance only. A considerable number of 
variations was introdu(!ed in attempts to induce the single germs 
to multiply, but without siK’cess. Among them may be mentioned 
the following: — 

(a) B, prodigiosus was rej)laced by Bart, roli and by B. Proteus 
OX 19 and by Dr. Fortner’s own strain of B, prodigiosus. 

{b) On the supjxisition that air leakage could occur through 
the vaseline seal, the set-up micro-culture (with B, prodt- 
giostis) w’^as incubated in a Macintosh’s and FiIdes’ jar. 

(c) Cystein hydi^chloride was incorporated in the medium. 

{d) Cystein hydrochloride was incxirporated in the medium 
and in addition, the micro-plate was dropped on to the 
surface of the same medium in a Petri ])late and incuba¬ 
tion c-arried out in a Macintosh’s and Fildes’ jar (see Frei 
and Hall 1981). 

{e) The micro-plate wdth the isolated germs w^as set up as one 
side of the apparatus (made on a small scale) described 
by the writer (1930) for obtaining shake cultures of 
anaerobes. 

(/) Little chambers through which hydrogen could be passed 
or in w’hich pyrogallic acid and NaOH could be placed 
were constructed and the inicro-j)late luted thereon. 
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(g) The method of isolating in droplets of fluid and removing 
each germ to a tube of suitable medium (llobertson’s meat 
broth plus haemolysed cells, serum and liver extract) was 
carried out in about 50 instances with one positive result. 
The tubes were incubated for at least three weeks before 
being discarded. 

(h) Obtaining sporiilating cultures on Dorset’s egg medium 
as recommended by Henderson (1932) and isolating only 
those germs with spores did not lead to positive results. 

(i) The use of different media did not lead to jK)8itive results. 

Amongst those tried were—Viljoen’s and Scheuber’s 
medium (Viljoen and Scheuber, 1927) (a liver extract plus 
peptone), Colebiook’s ox liver tryptic digest medium and 
horse-flesh infusion agar plus 0 * 6 per cent glucose and the 
serum-cells-liver mixture. No positive result was got 
with 0*25 per cent, sloppy agar as an inoculum. 

(j) A small circular hole was cut in a glass slide and over this 

were placed sterile pieces of thin celluloid, on the under 
surface of which single germs were isolated. These j)iece8 
were then diopped into meat broth. Not one of the isolated 
germs grew. 

(A*) On one occasion, eight isolations w’^ere made on an agar 
film whilst hydrogen was slowly bubbling into the 
chamber. The results were negative. 

In the foregoing attempts three strains of CL chauvan were used. 

As the solid and liquid media used for isolaiion gave excellent 
results when large quantities of culture were seeded, one may pre¬ 
sume that only a very odd germ was viable or the exposure to air 
during the isolation killed them. 

Percentage of Positive results with Anaerobes, —With CL welchii 
and tertium from five to eight of ten implanted cells should grow; 
with CL septicurn, hifermentaris and sporogenes Uvo to five; with 
CL oedematiens, tetani and sordeUii two to three and wdth CL 
chauvwi about 1 per cent. 


Comment. 

It is possible that, to one unfamiliar with micro-manipulation, 
the technique as described may appear more difficult than it really 
is. In actual practice, the writer has usually been able to carry out 
the whole process, from the making of the pipette to the placing 
of the micro-culture (ten to twelve isolations) in the incubator, with¬ 
in 45 to 60 minutes. With large germs and with a suitable pipette, 
ten isolations should not occupy more than 5 to 16 minutes’ time. 
Small bacteria entail more time in their isolation, caused chiefly 
by the period spent in assuring ones’ self that only one microbe 
has been expelled. As explained, this can best be ascertained by 
carrying out he isolation under an oil immersion lens with a low 
poAver eye piece. 
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The chief difficulty that may be encountered is in inducing* the 
single bacteria to grow. When fastidious germs are being w^orked 
with, endeavours should be made to devise media and/or conditions 
most suitable for their growth requirements. 
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The Production of Immunity to Cl, Chauvcei, 


By J, H. MASON and J. R. SCHETJBER, Section of Bacteriology, 

Onderste|>oort. 


INTRODUCTION. 


The purpose of this coinmunicaiion is to place on record a number 
of experiments, havings as end, the production of a vaccine whi(*h, 
when ])arenterally introduced into sheep, would consistently protect 
them against naturally-occuring black quarter. We have no intention 
of reviewing the very extensive literature on the subject; only those 
investigations having a direct bearing on this jiiece of research will 
1)6 quoted. 

About ten yejars^ exjierience in the production of black quarter 
vaccine has taught one of us (J.R.S.) that a vac(*ine which so immu¬ 
nizes six experimental sheep that they all withstand one or two 
lethal doses of 67. chainupi culture (introduced intramuscularly), will 
piove satisfactory in the field. ()n the other hand, when two or 
three of six experimentally immunized sheep fail to resist the injec¬ 
tion of one fatal dose of culture, reports on the lack of protection to 
the natuTal disease may be expected. 

The work, about to be detailed, was initiated by failure of a 
number of vaccines to produce satisfacjtory immunity. The vaccine, 
issued from this laboratory, was made in a manner similar to that 
described by Yiljoen and Scheiiber (1927)*. For a number of years, 
such a prophylactic gave consistently good results l)oth in experi¬ 
ments at Oncierstepoort and in the field. From 1928 onwards the 
protection afforded by the vaccines (prepared in multiples of 40 litre 
•ijuantities once or twice per month) slowly began to decrease, to 
such an extent that some batches had to be discarded in 1931-1932. 
AltWigh every point in the preparation of the medium, in the 
culture for inoculation and in the treatment of vac cine was checked 
up, only one departure from the prescribed procedure was discovered. 
This was that the medium was autoclaved at 115*^ C. in 20-litre flasks 
•on two successive days for four hours instead of previously 


See appendix for description. 
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for one hour on three successive days. The raising of the patho¬ 
genicity of the strain by repeated passage through guinea-pigs did 
not lead to an improvement in immunizing value of the prophylactic. 
One of us (J.H.M.) who has had some experience in the production 
of formol-toxoids and anacultures of Cl, welchii, Types A and B* 
(Wilsdon 1931) and of Cl, septicum suggested that the medium used 
(a liver infusion, peptone, salt and glucose plus liver particles) was 
unsuitable but against this there was the evidence of the good results 
in the past. However, in view of the good results obtained with 
Robertson^st (1916) meat broth in the production of toxins of other 
anaerobes and of the poor results obtained with liver medium with 
these other anaerobes (unpublished experiments of J.H.M.) it was. 
decided to test out meat broth with Cl, chauvwi. 


EXPERIMENTAL. 

Strains of Cl. chauvod nsed: — 

(1) 64—Isolated from a natural case of black quarter in a 
heifer in Waterberg (Transvaal) in 1929. 

(2) D—Originally isolated from the muscle of a bovine dead 
of black quarter, in Europe. 

Media :—Meat broth was prepared as noted in the appendix. 

Sloppy agar was a boiled extract of horse or donkey muscde,. 
plus 1*0 per cent, peptone, 0*5 per cent. NaCl and 0*15 per (ent. 
agar. 

The routine liver medium was prepared as noted in appendix, 
and will be referred to as “ routine medium 

The sheep haemolysed red cells serum mixture was prepared in 
the manner described by Mason (1934). 

Small amounts (10 c.c.-2,000 c.c.) of meat broth were autoclaved 
for half an hour at IIS'® C., i.e. the temperature was held at 115® C. 
for half an hour after having reached this point. Twenty-litre 
quantities of meat broth were autoclaved for 4 hours on each of two 
successive days. Small quantities were tailed for from 10 minutes 
to 2 hours and rapidlv cooled just prior to inoculation. Large 
quantities (20 litres) of medium were allowed to cool for 24 hours 
before being seeded. 

The pH of all media was adjusted to 8*2 just prior to auto¬ 
claving and usually, but not on all occasions, with all media except 
the routine, the pH was again adjusted to 7 *6-7-8 with N/1 NaOH 
before boiling, or in the case of 20-litre amounts, before seeding. 
The reason for this was because the pH of media containing meat 
particles usually falls on storage. 


* Type A-classical €1, ivelchii. 

Type B=the ** lamb dysentery bacillus (DalHng, 1928). 
t See appendix for preparation. 
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The inoculum for meat broth media was, unless otherwise 
stated, an 18 hours meat broth (plus haemolysed cells and serum) 
culture and for the routine medium, an 18 hours’ von Hibler culture. 
The amount of the inoculation varied—for one- to two-litre quanti¬ 
ties, 10-20 c.c. was added and for 20-litre amounts, about oO-lOO c.c. 
was seeded over. 

The length of incubation varied and will be noted under each 
experiment; the treatment of the culture after growth will also be 
noted under each experiment. 

The virulent material used to test the immunity in sheep was, 
for meat broth antigens, a young (18 hours’) meat broth (plus haenio- 
lysed cells) culture. Usually, such a culture was produced by seed¬ 
ing a tube of medium with the heart blood and/or liver of a guinea- 
])ig killed by the intramuscular injection of the germ. In any case, 
the organisms in the test culture were never far removed from an 
animal passage. For testing animals vaccinated with routine vac¬ 
cine, a guinea-pig passage culture in von Hibler\s medium was 
usually employed. 


hLvperivient 1. 

To (ompare the immunizing ])ower of antigens ])re])ared (1) in 
meat broth plus 5 per cent, of a mixture of equal parts of sheep serum 
and haemolysed red (‘ells; (2) in 0 15 per cent, sloppy agar plus the 
same mixture; (^1) in meat broth plus the same mixture but using a 
different chauvad strain; and (4) by using the 1*5 per (^ent alum 
precipitate of the anaculture prepared from (1). 

Two litre quantities of media (1) and (2) were adjusted to pH 
7*8, boiled for one hour, (’ooled and, after the addition of haemo¬ 
lysed ('-ells and serum, inoculated with a guinea-pig passage culture 
of strain 64; to another flask of medium (1) strain 1) was added. 
After three days’ incubation at 37^ C., the meat was removed from 
those flasks containing it, and to all cultures enough formalin (40 
per cent, formaldehyde) was added to make a 0 4 per cent, (omen- 
tration. (In future this will be referred to as adding 0*4 per (*ent. 
formalin ’^). The flasks w^ere then incubated at 37^ C. for three 
days. The sloppy agar culture w’as contaminated wdth a coccus, the 
meat broth cultures w^ere not contaminated and all anacultures w^ere 
sterile.* To 200 c.c. of the anaculture (1) 3 gm. of potash alum 
W’as added, the precipitate w’ashed three times in saline and finally 
suspended in 200 c.c. of 0*5 per cent j^henol-saline. Sheep leceived 
subcutaneously 10 0 c.c. of tne one or the other antigen on 12.4.33 
and were tested for immunity on 11.5.33. Table I records the 
results. 


* By ** sterile ’’ is meant that 5*0 c.c. of anaculture, in 50 c.c. of meat 
broth plus haemolysed sells and serum, produced no growth after 7 days’ 
incubation at 37® C. and that 2*0 c.c. introduced, intramuscularly, into 
guinea pigs caused no more than a slight swelling of the leg. 
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Table I (Expt. S. 5003). 

Immunizing power of Cl. chauvoei vaccines, noted in Experiment 1. 
10 c.o. vaccine injected s,c. on 12.4.33. Test with culture i,m, 

11.5.33. 


Vaccine. 

Sheep. 

Test with living culture i.m. (c.c.] 

1. 


10 

20 

30 

4 0 

1. H.F. meat broth j- 
Hm. cells (strain 64) 

1 (.35789) L 

2(21756)L 

3 (35523)L 

4(36859)L 

2. Sloppy agar + Hm. 
cells (strain 64).... 

5 (36867) t 3 

6 (36789) t 2 

7 (36854) 1 1 

8 (.37021) 1 1 

3. H.F. meat broth + 
Hm. cells (strain D) 

9 (34478) t 2 

10 (35521) L 

11 (33611) L 

12 (35850) L 

4. Alum precipitate of 1 

13 (31588) L 

14 (370191 L 

16 (36794) L 

16 (36355) L 


Controls: 17 (35617) 0*6 c.c. t 1 

18 (35537) 1 0 c.c. t 1 

19 (36642) 2 0 c.c. fl 


(L = lived ; f t 3 = died 1, 3 days ; H.F. = horse flesh ; 
Hm. cells = sheep serum and haemolysed cells mixture.) 


Result *—At the time when this experiment was (‘^arrietl out, the 
api)roxiiuate lethal dose of a culture, prei)ared in meat broth from 
a guinea-pig X)assage culture was not known; later tests showed that 
O’l c.c. of such a culture killed a sheep in from twenty-four to forty- 
eight hours. On the avssumption that the M.L.D. of the culture, 
used in Experiment 1, was of this order, it will be seen that three 
of the four vaccines so immunized sheep that thejr withstood about 
40 lethal doses. A probable explanation for the failure of the slopjiy 
agar aiiaculture to immunize is that the culture giving it origin was 
contaminated with a coccus. 


Experiment 2. 

To compare the immunizing power of (1) anacultures made in 
horse-flesh meat broth and ox-flesh meat broth, (2) the alum 
precipitates of these vaccines, (3) loutine vaccine, and (4) the alum 
precipitate of a routine vaccine. 

The horse and ox flesh broths, in 500 c.c. quantities were treated 
as noted under Experiment 1. The routine medium, in 20-litre 
amounts, rvas inoculated with a von Hibler cuHure of a guinea-pig 
passage strain and treated as noted in the appendix. Strain 
64 w^as used throughout. Sheep received 5*0 c.c. of each vaccine 
subcutaneously on 29.5.33 and were tested on 21.6.33 by the intra- 
ifjuscular injection of culture (18 hours’ meat broth culture of guinea- 
pig passage strain of 64). Table II records the results. 
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Table II (Expt. S. 5050). 

Immunizing 'power of Cl. chauvoRi vaccines, noted in Ewpeidment 2, 
Sheep injected s,c\ on 29.5.33. Tested, with culture i,m. 21.6.33. 


Vaccine. 

Sheep. 

Tested with living culture i.m. (c.c.). 

2 0 

4 0 

80 

16 0 

1 

1. H.F. moat broth -f 





Hm. cells. 

1 (37649)L 

2(37617)L 

3 (35514) t 2 

4(26647)L 

2. Alum precipitate of 1 

5(37668)L 

6(36796)L 

7 (36778) t 2 

8 (32944) t 2 

3. Ox flesh moat broth 





+ Hm. cells. 

9(37456)L 

10 (37651) L 

11 (35536) t 2 

12 (34610) L 

4. Alum precipitate of 3 

13 (37633) L 

14 (373»4) L 

16 (35550) L 

16 (32502) t 2 

5. Routine mc^diura. Ana* 





culture. Flask 562. 

17 (37577) t 3 

18 (36774) t 2 

19 (.35551) t 3 

20 (33116) t I 

6. Alum precipitate of 5 

21 (37638 )h 

22 (35530) t 1 

23 (35512) L 

24 (34367) f 4 

7. Routine medium, Seitz 





filtrate. Flask 552.. 

25 (37556) f 1 

26 (35515) t 1 

27 (37539) t 1 

28 (35024) 1 1 


(^ontroh : 29 (.37524) 0 3 c.c. t 1 

30 (37200) 0-5 c.e. tl 

31 (35799) 1 0 c.c. t 1 

(t 1, 2 = died after one, two days; L = lived ; 


Hm. cells = haemolysed shewp cells pus serum.) 


Result ,—On the assumption that the M.L.D. of the test culture 
was about 01 c.c., it will be seen, from the results ^iveii in Table II, 
that the anacmltures prepared in both horse and ox flesh meat broth 
so immunized some sheep that they withstood 160 lethal doses of 
(‘ultures. The results do not indicate whether or not the alum 
precipitates of these anacultures were better or worse immunizin^y 
ag’ents than the anacultures themselves. The routine vaccine both 
as an anaculture and as a filtrate was definitely inferior to the meat 
broth vaccines. The alum precipitate obtained from the routine 
anaculture proved to have considerable anti^yenic power. 


Experiment 3. 

To test the immunizing power of anacultures made in (1) horse¬ 
flesh meat broth plus (a) 5 per cent, sheep haemolysed led cells, 
(5) 5 per cent, ox haemolysed red cells, (c) 5 per cent, horse haemo¬ 
lysed red cells, and in (2) ox-flesh meat plus (a), (b) and (c). This 
experiment was carried out because of the difficulty that would be 
experienced in obtaining sufficient sterile serum for 160-200 litre 
quantities of medium. The haemolysed cell solution was prepared 
by adding 80 c.c. of blood to 120 c.c. of distilled water containing 
2-0 c.c. of a 10 per cent. pot. oxalate solution; excess ether was then 
added, the mixture shaken and finally incubated for 24 hours at 
370 C. The sterility of the cell solutions was proved before their 
addition to the media. The media were contained in 500 c.c. flasks 
and a guinea-pig passage culture of C. chawvcei, strain 64, was used. 
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The treatment of the cultures and anacultures was as detailed under 
Experiment 1. Sheej) received 5*0 c.c., subcutaneously, of the 
various vaccines on 7.7.33 and were tested for immunity on 25.7.33 
^intramuscular injection of strain 64). 

Table III (Expt. S. 5083). 

The im/umnizing power of CL chavvcei anacvltures made in horse and 
ox flesh meat broth plvs haemwlysed red cells of the sheeps ox and 
horse (no serum). Sheep receive^' 5*0 c,c, of vaccine s,c, on 7.7.33; 

test 25.7.33. 


Vaccine. 

Sheep. 

Test with culture i.m. 

(c.c.). 

10 

2 0 

40 

1. H.F.M.B. plus 




(a) Sheep Hm. cells. 

1 (37156)L 

2 (36633) 1 1 

3 (37303) t 1 

(b) Ox Hm. cells. 

4(37766)L 

5(37229)L 

6(37384)L 

(c) Horse Hm. cells. 

7(37702)L 

8 (36793)L 

9(36641)L 

2. Ox F.M.B. plus 




(a) Sheep Hm. cells. 

10 (37290) L 

11 (37684) L 

12 (37894)L 

(6) Ox Hm. cells. 

13 (37309)L 

14 (37406) L 

16 (37431) L 

(c) Horse Hm. cells. 

16 (37224) t 2 

17 (37336) L 

18 (37430) t 2 


ControU : 19 (37494) 0 -2 c.c. 11 

20 (37678) 0-3 c.c. fl 

21 (37680) 0-4 c.c.... t 1 

(H.F. = horse flesh ; Ox. F. = ox flesh ; M.B. = meat broth ; Hm. celJs == 


haemolysed red cells (no serum); L = lived ; f 1 «= died 1 day.) 


Result ,—It is doubtful if the results given in Table III are 
really significant. It will be noticed that the vaccine made from 
horse-fiesh plus sheep cells was poor and that plus horse (^ells was 
good whereas the reverse held good with the use of ox fiesh. A repeat 
test with the same first*'mentioned two vaccines gave results com¬ 
parable with those rejKDrted in Table III. 


Experiment 4. 

To test the immunizing power of anacultures made in horse-fiesh 
meat broth plus (a) 5 per cent, sheep serum (b) 5 per cent, of a 
mixture of equal parts of sheep serum and sheep haemolysed red 
(tells, and (c) 5 per cent sheep haemolysed red cells. The serum was 
obtained from the clot and the haemolysed cells as noted under 
Experiment 3. Ether was added to these three products and 
iiK ubated with them for 24 hours. Sterility was proved prior to 
their addition to the media. Flasks of 500 c.c. capacity were used, 
these and the anacultures being treated as noted uncier Experiment I. 
Sheep received 5*0 c.c. of vaccine subcutaneously on 16.8.33 and 
were tested for immunity on 30.8.33 by the intramuscular injection 
pf a guinea-pig passage strain of 64. Table IV records the results. 
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Table IV (Expt. S. 5122). 

The immunizing power of Cl. chauvoei anacnltures made in horse¬ 
flesh meat broth j?lus sheej) serum, sheep haemolysed red cells and a 
miwtitre of cells and serum. Sheep received 5*0 c,c, of vaccine s,c, 
on IG.8.33; test 30.8.33. 


Vaccine. 

Sheep. 

Test with culture i.m. (c.c.). 

10 

2 0 

4 0 

H.F.M.B. )>lii8 

(а) Sheep aorum. 

(б) Sheep Hm. cells. 

(c) Sheep Hm. cells and serum.. 

1 (32951)L 

4(35007)L 

7(37241)L 

1 

1 

2 (33927)L 

5 (35019) t 1 

8 (37896) t 2 

3 (33939)L 

6 (36770) 1 1 
9 (36932) t 2 


Controls: 10 (37509) 0 1 o.c. if 2 

11 (37623) 0 2 c.c. 11 

12 (35526) 0 3 c.c. t 1 


(t ~ died. L == lived.) 


Besitlt .—The iiulication given in Table IV is that the aiblition 
of sheep serum to medium pix)duces a better vaccine than the addition 
of sheej) haemolysed red cells. 


Ed'pcriment 5. 

As foi* Experiment 5, but using horse serum and horse haemo¬ 
lysed red cells. Flasks of 500 e.c. capacity were used, the media 
and anacnltures being treated as noted under Experiment I. The 
inoculation and the test culture were guinea-pig passage strains of 
67. chaurad 04. Sheep received 5-0 c.c. vaccine subcutaneously on 
14.9.33 and were tested for immunity on 13.10.33. The test consisted 
in the intramuscular injection of 10 c.c. of culture; all sheej) 
survived (three per group). A control animal receiving 01 c.c. of 
culture lived and another getting 0-25 c.c. died in twenty-foui hours. 
Thus, no comparison can be made of the immunizing value of the 
three products. (Experiment S. 5148 and sheep 37134, 37157, 37107, 
37230, 37255, 37285, 37534, 37540, 37713, 37830, 37882.) 


Eo'periment 0. 

The results recorded in Exj)eriments 1 to 5 show that a potent 
antigen can be prepared in 500 c.c. quantities of horse or ox flesh 
meat broth plus serum and/or haemolysed red cells of the sheep, ox 
or horse. However, experimentation showed the difficulty of obtain¬ 
ing serum or haemolysed cells and of adding them to medium under 
sterile conditions as a routine measure. For this reason, the antigen 
producing power of Hartley’s (1922) and Pope’s and Smith’s (1932) 
digest broths was investigated. In addition, the antigen producing 
power of horse-flesh meat broth plus 5 per cent, horse serum and 
plus 5 per cent, horse haemolysed cells [these sterilized by incubating 
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them at 37^ C. for twenty-four hours in the presence of 0*1 per cent, 
formalin (40 per cent, formaldehyde)] was ascertained. The media 
used were as follows: — 

Medium 1.—500 c.c, of Hartley’s digest broth, meat particles 
one-sixth to one-fifth by volume; pH adjusted 
to 7*8; boiled and cooled. 

Medium 2.—As medium 1, plus 5 per cent, etherised horse 
serum. 

Medium 3.—500 c.c. of Pope’s straight line ” digest broth; 
meat, etc., as medium 1. 

Medium 4.—As medium 3, plus 5 per cent, etherised horse 
serum. 

Medium 5.—500 c.c. of Hartley’s digest broth (no meat par¬ 
ticles) plus 0*15 per cent. agar. Otherwise 
treated as medium 1. 

Medium 6.—20-litre flask of horse-flesh meat broth (broth 
about 14 litres, meat particles about one-third 
by volume). Had been prepared for al>out one 
week; not boiled and pH not investigated; 
2 per cent, of 0*1 per cent, formolised horse 
plasma added. 

Medium 7.—As medium 6, but plus 5 per cent, of 0*1 per cent, 
formolised horse haemolysed cells. 

Medium 8.—As medium 7. 

• 

All flasks were inoculated with a meat broth subculture of a 
three weeks’ old guinea-pig passage culture of strain 04. The 
subsequent treatment was as noted under Experiment 1. 


Order of growth in the various media, —(4 days 37® C.). 

Medium 1.—Rathei* poor, (as judged by opacity and gas 
production). 

Medium 2.—Fair. 

Medium 3.—As (1). 

Medium 4.—Fair, 

Medium 5.—Excellent. 

Medium 6.—Excellent, (contaminated with a coccus). 

Medium 7.—Poor, (whtaminated with a coccus). 

Medium 8.—Good, (contaminated with a Gram + aerobe). 

The two flasks comprising media 7 and 8 were treated separately, 
owing to the difference in growth. 

Sheep received 5*0 c.c. subcutaneously of the various vaccines 
on 27.10.33 and were tested for immunity on 16.11.33 (a recent 
passage culture used). Table V. records the results. 
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Table V. 

Jmmunizing power of vaccines detailed, in Ea'periment (J. 
Sheep inoculated on 27.10.33; test 10.11.33 (Expt. S. 5184). 


1 

Vaccine. 

Shoop. 

Test with culture i.m. 

(O.C.). 

1 0 

2 0 

4 0 

1 

Medium 1. 

1(37143)L 

2(37581)L 

3(37688)L 

Medium 2. 

4 (37716)L 

5(37732)L 

1 — 

Medium 3. 

6(37767)L 

7 (.37772) L* 

1 8 (37784) L 

Medium 4. 

9(37785)L 

10 (37812) JL, 

1 11(37847)L 

Medium o. 

12 (37865) L 

13 (37876) L 


Medium (>. 

14 (37910) K 

15 (37911) h 

16(37921 )h 

Moflium 7. 

17 (37980) L 

18 (37990) L 

19 (37997) L 

Medium 8. 

20 (38016) L 

21(38017 )h 

22 (38059)K* 


* Very severo reaction. K* Killed 24.11.33 owing to reaction. 


('onlrols; 23 (36907) 0 1 c.c. 

24 (37712) 0-2 c.c. fl 

25 (37880) 0 4 c.c. t 1 


Result .—Thp vaccines prepared in all media inoduced excellent 
iniumnity. Even in those flasks in which growth was poor and in 
which contamination occurred, good antigen was formed. 


E.rperiment 7. 

To ascertain if horse-flesh meat broth plus 5 per cent, formolised 
<()1 per cent.) horse pla.sma could be used as a routine medium for 
the production of vaccine. 


To seven 20-litre flasks of horse-flesh meat broth (meat particles 
altouf oue-fhird Ity volume) approximately 5 per cent, formolised 
horse pltisnia was added. The media stood for three days at room 
temperature and were then seeded with a von Ilibler culture of a 
recently passaged strain of (14. The pIT of the flasks was not investi¬ 
gated. ‘ Incubation was for three days at 37° C. and good growth %yas 
obtained in each flask, but a purity test revealed a contamination with 
a Gram + aeiobe. To the Seitzed filtrate, O n per cent, formalin 
was added and incubation carried on for three days. Sterility tests 
on the final product passed. Sheep received 5 0 c.c. of vaccine 
subcutaneously on 7.10.33 and were tested for immunity on 19.10.33 
by the intramuscular injection of a twenty-four hours’ von ITibler 
<-iilture. (Experience over many years has shown that the M.L.I). 
of such a culture is between 0 5 c.c. and 10 c.c.) 

Result.—The control sheep receiving 10 c.c. and 2 0 c.c. of 
culture died within thirty-six hours. Of the vaccinated sheep, one 
withstood 2’0 c.c. and another 3 0 c.c. of culture; the third suc¬ 
cumbed to the injection of 4’0 c.c. 
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It is difficult to make a fair comparison between the immunizing 
power of this vaccine and those produced in smaller volumes of 
medium, where the inoculum w^as a meat broth culture. However, 
the indication is that the degree of imnaunity was less than that 
produced by the vaccines made from media and 7 and 8 of Experi¬ 
ment 6, where the inoculum was a meat broth culture. (Experiment 
S. e5168 and sheep 3768:j, 37771, 37777, 3804004, and 38021.) 

E,rperitnent 7 {a). 

This was a repetition of Experiment 7 with a few modifications. 
The pH of the horse-flesh meat broth (20-Htre8, meat particles one- 
third by volume) was adjusted to 7*8, 3 per cent, of 0*1 per cent, 
formolised horse plasma and 0.25 per cent, glucose was added. The 
inoculum was a meat broth culture of a recently passaged strain 
of 64. Incubation was for four days at 37^ C., the meat was removed 
and anaculture made by adding 0*4 per cent, formalin and incubai- 
ing for forty-eight hours. 

Sheep received 5*0 c.c. of the vaccine on 9.11.33 and were tested 
for immunity on 6.12.33, using a meat broth culture of strain 64. 

Result .—The control sheep receiving 0*1 c.c. of culture died 
within forty-eight hours. One immunized sheep which received 1*0 
c.c. of culture died, a second which got 2*0 c.c. lived, as did a third 
into which 4*0 c.c. were injected. 

One could conclude that the vaccine prepared as described had 
a high immunizing value. (Experiment S. 5197 and sheep 35552, 
36784, 36879, 36961.) 


Eotperiment 8. 

To ascertain the immunizing value of anacultures prepared from 
one,two and four day cultures. 

To a one-litre quantity of donkey-flesh meat broth (meal particles 
one-third by volume) 3 per cent, horse plasma (formolised 0*1 per 
cent.) and 0*25 per cent g’lucose was added, after the medium had 
been boiled for an hour and the pH adjusted to 7-8. A direct 
guinea-pig passage culture of strain 64 was used as inoculum. After 
one, two, and four days’ incubation at 37^ C., samples of culture 
were removed, formolised to 0*4 per cent, and incubated for a further 
forty-eight hours. Sheep received 5*0 c.c. of the one or the other 
vaccine on 17.11.33 and were tested for immunity on 6.12.33. 

Result ,—The control sheep were those used in Experiment 7 (a). 
The sheep receiving the one, two, and four day anacultures (3 per 
anaculture) survived the intramuscular injection of 1*0 c.c., 2*0 c.c. 
and 4 0 c.c. respectively of the same culture as used for the controls. 

Although no answer could be given as to the respective immu¬ 
nizing values of the different vaccines, the conclusion may be drawn 
that, under certain conditions, excellent immunity is produced in 
sheep by the use of anacultures made from one, two or four day 
cultures. (Experiment S 5201 and sheep 35022, 35628, 36814, 36984, 
36991, 36961, 37887, 37092, 37408.) 
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Eatperiment 9. 

To ascertain if there is any difference in the immunizinjj* value 
of anacultures made in 10-litre quantities of donkey-flesh meat broth, 
when the inoculum is a meat broth culture of C/. cliauvwi and when 
it is a von Hibler culture. 

The pll of two 10-litre flasks of donkey-flesh meat broth (meat 
particles one-third by volume) was adjusted to 7*8. The inoculum 
of flasks A and B was as follows: Flask A, f?uinea-pig liver (killed 
by i.m. injection of strain ()4)->-meat broth->-meat broth-^flask: 
Flask B, guinea-i)i^:»’ liver (as above)>-meai broth->-von Ilibler->- 
von nibler>-flask. Tncubation was for 8 days at 37® C.: to the 
meat-particle-free supernatant, 0 4 per cent, formalin was added and 
incaibation carried on for three more days. 

Sheep received 0-0 c.c. s.c. of vaccdiie on 7.3.34 and were tested 
for immunity on 27.3.34. Table VI. rec^ords the results. 


Tahle VI (Expt. S. 5117). 

To test the ittimiiniziiuj vahte of anacvU^ires tncule in donhep-fiesh 
meat broth irhen the inocvlunb was a meat broth e/ultnre and, when 
it was a eon Tlibler culture. 


Sheep inoculated s.c. on 7.3.34; test 27.3.34. 


Vaccine. 


Moat broth inoculum 
Von Hibler inoculum 


Sheep. 

TeHt with culture i.m. (c.c.). 


1 0 

2 0 

4 0 

j 1 (36655) L 

2 (38846) t 2 

3(37129)L 

4 (36996) t 2 

5(33893)L 

6(36680)to/n 


(L lived ; f = ; o/n ~ overnight.) 


Control : 7 (38629) 0 1 c.c. f o/n 

8 (38201) 0 2 c.c. t I 


Result .—The result given in Table VI. allows of no definite 
oonclusion being drawn. As the von Hibler inocvilum vaccine so 
immunized one sheep that it withstood at least 20 fatal doses of 
cultures, it would not appear that the inotuilum played a very large 
role. 


E^tperiment 10. 

To determine the effect on immunity production of altering ihe 
pH of the medium, and of the addition of glucowse. 

Three 20-litre flasks of donkey-flesh meat bi’oth (meat particles 
one-third by volume) were used. To two, 3 per cent, of horse plasma 
(0*1 per cent, formolised; was added—the pH of one was left at 6*8 
and that of the other brought to 8. 
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To the third flask of medium at pH 8, 0*25 per cent, glucose 
was added. The inoculum w’as a twenty-four hours’ old meat broth 
culture of a recent passage strain of 64. After four days’ incubation 
at 37® C., the meat was removed from each flask, 0*4 per cent, 
formalin added and incubation continued for a further three days. 

Into sheep 5*0 c.c. of vaccine was injected subcutaneously on 
2.5.34, the test being carried out on 22.5.34 (intramuscular injection 
of a twenty-four hours’ meat broth culture). Table VII. records 
the results. 


Table VII (Expt. S. 5371). 

The linmvnizirig power of anacuJivres made in meat broth at pll 6*8 
and 8*0 plus horse plasma and in meat broth^ pH 8 pins 0*25 per 

cent, glucose. 

Sheep inoculated 2.5.34; test 22.5.34. 


Vaccine. 

Sheep. 

Test with culture i.m. (c.c.). 

0-25 

10 

20 

40 

M.B. + plasma, pH. 6 8 
M.B. -j-> plasma, pH. 8 0 
M.B. -f glucose, pH. 8 0 

1 (39493)L 

5(39398)L 

9(39254)L 

2(39467)L 

6(39303)L 

10 (39393) h 

3(39172)L 

7 (39464)L 
11(3W60)L 

4 (39307) t 2 

S(3939S) h* 
i 12 (39366)L 


Controls. 13 (39953) 0 1 c.c. 

14 (39997) 0 25 c.c. j* 

(L = lived ; f = died ; * = Sheep very ifl, lame, oedema of legt but recovered.) 


Controls. 13 (39953) 0 1 c.c. 

14 (39997) 0 25 c.c. t 


Hesult .—All three vaccines proved to be excellent antigens. The 
results given in Table VII do not indicate definitely which, it any, 
was the best. 


, Experiment 11. 

Although excellent vaccine could be made with 20-litre quan¬ 
tities of horse or donkey flesh meat broth containing 0*25 per cent, 
glucose, a definite practical disadvantage was the inability of this 
medium to initiate growth with certainty. On several occasions 
growth either did not occur or w^as delayed for several days. The 
addition of serum overcame this difiiculty, but one had then to reckon 
with the possibility of introducing contaminating organisms and in 
addition, there Avas the difficulty of obtaining serum in bulk if the 
method was adopted as routine. One of us had had experience wuth 
Colebrooke’s liver digest medium^ in the cultivation of anaerobes. 
Excellent growth could be obtained in this medium, without the 
addition of meat particles, with Cl. chavvoei, but a disadvantage was 
the lowering of the pH that took place with resultant killing of the 
organisms, and possibly harmful effect upon the antigen produced. 
To try to overcome this effect, the following modification w^as tried. 


See appendix for preparation. 
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Three parts of ox-liyer digest and seven parts of horse-flesh peptone 
broth (no meat particles) were mixed. Salt was omitted and m its 
place enough phosphate buffer to make a 0*8 per cent, concentration 
was added. Seven hundred c.c. at pH 7*4 was l>oiled for two hours, 
cooled, inoculated with a recently passaged strain of 1) and grown 
for twenty hours at 87® C. Excellent growth resulted, the pH being 
between G o and 6*7. After adjusting the pH to 7 4, 0*4 per cent, 
formalin was added and incubation carried on for forty-eight hours. 

Sheep received 5 0 c.c. s.c. of the vaccine on 20.9,34 and were 
tested for immunity on 10.10.34. The method of test was changed. 
Kobertson and Felix (1930) and Henderson (1932) in testing the 
immunity produced in laboratory animals by the injection of washed 
boiled susj)ensions of 67. sepficttvi and 6/7. chnvvwi used spore sus])en- 
sions activated with calcium chloride. Henderson found that 
67. chaucoii c.ould be induced to spore copiously wlien grown on 
Dorset’s egg medium. Although we never obtained copious sporula- 
tion on this medium, we were able, after several attempts, to obtain 
a suspension rich enough in spores for our purpose. This was heated 
at GO® C. for half an hour to destroy vegetative elements and then 
stored at -f5® C. It was our intention to use this'spore suspension 
for several months and thus be able to compare the results of several 
tests. rnfortunately, the suspension lost virulence after only a 
fortnight, so that comparative work could not be carried out. As 
activator, adrenalin was employed. We found that, in guinea-pigs, 
as little as G ()2 c.c. of the .1/1000 dilution received from the manu¬ 
facturers was sufficient, when diluted to 2*0 c.c., to activate one- 
tenth of a doubtfully lethal dose of spores. For the sheep test 0*5 
c.c. of the spore suspension plus 0*05 c.c. of adrenalin, diluted to 
2*0 c.c. with saline, was injected i.m. into four control and the four 
vaccinated sheep. 

licHvlt ,—All the control sheep died within forty hours; the 
vaccinated sheep survived. Although this experiment shows that the 
vaccine produced in the mixture of digest liver medium and horse¬ 
flesh broth was antigenic, we do not know how high the immunity 
was. From other experiments (not noted in this communication) we 
have gained the impression that the activated spore test is not a 
severe one, inasmuch as animals immunized with proved low value 
antigens (test with culture) survived the inje(‘tion of the activated 
spores. (Exi)eriment S. 5484 and sheej) 38953, 37G2G, 41049, 40071, 
40771, 40585, 40189 and 40901.) 


E.rperiment 12. 

To ascertain if a washed alum precipitate of a Ch cliavvm 
vaccine produces better immunity than the vaccine itself. 

Glenny et al. (1926), Glenny and Waddington (1928), and 
Glenny, Buttle and Stevens (1931) have shown that the alum preci¬ 
pitate of a diphtheria toxoid is a better immunizing agent than the 
toxoid itself. They attribute this improvement to the decreased solu¬ 
bility of the alum precipitate; it is only slowly absorbed by the body, 
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resulting in increased immunity. One of us (J.H.M.) lia^s had expe¬ 
rience of the use of alum precipitate of toxoids of CL ivelchii, Type 
A and B (Wilsdon) and of CL septicuTn. The results of immuniza¬ 
tion with CL tvelchii Type B precipitates were disappointing and 
will be published at an early date. With CL welchii Type A and 
with Cl. septicimii, the definite indication was that alum i)recij)itates 
w^ere better antigens than the toxoids from which they were j)repared. 

In Experiment 2, the alum precipitate of a batch of routine 
medium vaccine (anacultnre) proved a better antigen than the ana- 
culture itself. In that instance, the alum was added to the vaccine, 
and the precipitate washed twice and injected. In this experiment, 
enough alum was added to make a 1 per cent, concentration, and the 
precipitate (without being washed) plus the supernatant was 
injected. As table VIII shows, the experiment is not conclusive 
inasmuch as the sheej) into which the vaccines were injected were 
not tested at the same time or with the same test (*ulture as were 
the alum vaccine slieej). However, the immunity of these sheep was 
so high that, judging from results obtained with other batches made 
in the same way and about the same time one may justifiably (*on- 
clude that the alum vaccines were superior antigens. Into two 
groups of sheep, two batches of vaccines (routine) were injected. 
One grouj) received batch No. 86 and the other l)at(di No. 87. 

To each batch 1 per cent, alum was added and sheep received 
5*0 c.c. s.c. The details of the injections and test are recorded in 
Table Ylll. 

Result ,—As stated above, the^ experiment allows of no definite 
conclusions being drawn, but in view of the fact that exj)erience has 
shown that good value routine vac(*ines usually produced immunity 
only to one to four fatal doses of culture (0-8 c.c.~0*5 c.c. of a von 
Hibler culture was in the region of an M.L.D.), one may be allowed 
to infer that the alum preci])itate was the better vaccine. It will 
be observed that sheep 11, w’^hich received 86 alum precipitate, re¬ 
sisted the inoculation of at least sixty lethal doses of a meat broth 
culture. 


Experiment 13. 

To determine if the addition of agar to vaccine would increase 
the immunizing value. 

This experiment was in the nature of a followr-on of that 
detailed above. Cl, chauvoei, 64, w^as grown in 8 x 20 litre flasks of 
donkey-flesh meat broth (meat particles one-third by volume) plus 
0*5 per cent, glucose for three days. Growth was good. The meat 
was removed and 0*5 per cent, formalin added and incubation carried 
on for three days. To a quantity of anaculture, enough melted agar 
w^as added to give a 0*25 per cent, concentration. Sheep received 
5*0 c.c. s.c. of the one or the other vaccine on 11.6.34 and were tested 
for immunity on 5.7.34 (i.m. injection of a meat-broth culture of 
^rain 64), Table IX records the results; 
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(t died ; o/n — overnight; 1 — 1 day ; hrs. = hours; L = lived ; M.B. = horse flesh meat broth culture ; v. Hib. cult. = von Hibler culture.) 
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Table TX (Expt. S. 5474). 

The immunizing power of anaculture compared with anaculture plus 
0'25 per cent. agar. Sheep inoculated on 11.6.34: test 5.7.34. 


Vaccine. 


Sheep. 

Test with culture i.m. (c.c.). 



0 3 

0-6 

0-6 

0-6 

Anaculture. 

1 (40174) L* 

2 (39944) t 1 
0-3 

3 (40658) t 1 

4 (40620) L* 

Anaculture plus agar... 

1 5 (40128) L 

i 

6(40033)L 

7(40157)L 

8(40176)L 


Controls: 9 (40131) 0 16 c.c. fl 

10 (40399) 0-6 c.c. fo/n 

(t = died ; L == lived ; * == Very ill, lame, leg swollen, recovered.) 


Controls: 9 (40131) 0 16 c.e.. fl 

10 (40399) 0 *5 c.c. f o/n 


Result ,—The addition of a^ar increased the innnuniziiij^* value 
of the anaculture to a considerable extent, probably due to decreasing- 
the in vivo rate of absorption. 


Experiment 14. 

t 

To ascertain the iinmunizing power of washed, boiled Cl, 
chauvoRi bacilli. Itobertson and Felix (1930) and Henderson (1932, 
1933, 1934) have shown that boiled suspensions of CL septicum and 
CL chauvmi are capable, when inoculated subcutaneously into g:uinea- 
pigs, of immunizing them against the injection of spores activated 
with calcium chloride. Henderson suggested that the immunity to 
CL chanvoei is produced^ in the main, l3y the ‘‘ 0 somatic antigen 
of the bacilli. Results, of a confirmatory nature, w^hi(;h will form 
the subject matter of another communication, have been obtained 
by one of us (J.H.M.). Roberts (1933) was not able to obtain satis¬ 
factory results with Henderson’s technique. 


The following experiments were carried out to test the method: — 

(a) Strain 64 was grown in 1 per cent, glucose broth (horse¬ 
flesh) plus haemolysed cells and serum for 18 hours. The bacilli 
wer spun out, washed twice in distilled water, boiled for two hours 
and enough salt added to make a 0*85 per cent, concentration. About 
400 c.c. of medium was required to produce 70 c.c. of a suspension 
corresponding in opacity to tube 10 of a Burroughs Wellcome 
nephelometer. Into sheep, 10 *0 c.c. of the suspension was injected 
s.c. on 12.4.33; the test took place on 11.5,33 (the same test as noted 
in Experiment 1). Table X records the results. 
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Table X. 


The imimtnizing 'power of hailed bacilli (Expt. S. 5003). 
Sheep inoculated on 12.4.33; test 11.5.33. 


Sheep. 

1 Tost, 

j Culture i.m. (o.c.). 

Result. 

1 (3533.*]). 

10 

L 

2 (35527). 

2 0 

L 

3 (.35773). 

3 0 

L 

4 (35783). 

4 0 

L 

(bntrolM. 



5 (.3.5517). 

0-5 

t 1 

() (3.5.5,37). 

10 

t 1 


(L - lived ; f died.) 


Heault ,—On the assumption that 01 (5.e. of the test culture 
a lethal dose, it will be seen that boiled bacilli produced a very high 
degree of immunity. 

(5) As {a), but bacilli obtained from meat broth plus serum. 
The o|)acity of the suspension corresponded to tubes 5"-() of the B.W. 
nephelometer. 

These shee]) received 5 (I c.c. subcutaneously on t).3.3>4. Tested 
twenty-one days later with culture i.m., the M.L.l). of which was 
O’l c.c. for control sheep, these animals reacted as follows: that 
receiving* 5 M.L.l). lived as did that receiving 20 M.L.l)., whilst 
one which got 10 M.Ii.l). died. (Ex]>eriment S. 5117 and sheep 
34043, 37354 and 24543.) 

(r) A group of six shee]) received eight subcutanefuis injections 
of the suspension noted in (/)); in all, each shee]) got 180 c.c. of 
material, over a period of thirty days. Tested 9 days after the last 
injection with culture i.m., the following result was got. Two sheep 
withstood 50, one 100, one 200 and two 300 M.L.l)., whilst a non- 
treated died after receiving one lethal dose (0*1 c.c.). (Experiment 
S. 5432, shee]) 38847, 37889, 37014, 37302, 34130, and 30583.) 

(rf) A suspension prepared as noted under (h). The opacity 
correspond to that of tube 10 of the B.W. nephelometer. 

Two sheep which re(*eived 5*0 c.c. of suspension s.c. withstood, 
three weeks later, 5 and 10 M.L.l). respectively of culture i.m. The 
control sheep died when 1 M.L.D. (0-1 c.c.) was injected. (Ex])eri- 
ment S. 5588, sheep 41018 and 39749.) 

(«) The bacilli contained in 200 c.c. of a twenty-four hours’ 
meat-broth culture were spun out, washed twice in distilled water, re¬ 
suspended in 200 c.c. of distilled water, boiled for two hours and 
enough salt added to make a 0-85 per cent, concentration. The 
oj>acity was about that of the tube 1 of the B.W. nephelometer. 
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Three sheep received 5*0 c.c. s.c.; twenty-seven days later, a 
meat-broth culture was injected i.m. with the following* result: — 

Control sheep (39771) 0*1 c.c. "foln. 

Sheep 1. (^41561) 0*2 c.c. ,, 

Sheep 2. (41535) 0*5 c.c. „ 

Sheep 3. (41542) 1*0 c.c. „ 

(Experiment S. 5565.) 

(/) The bacilli from a 24 hours’ culture in 25 litres of routine 
medium were removed. This was accomplished by passing the 
culture through a pa])er jmlp, washing the puli) in distilled water, 
squeezing the fluid out of the pulp in a press and finally spinning 
this material. After two washings, 200 c.c. of a dense suspen¬ 
sion was obtained. This was frozen and thawed five times. The 
freezing chamber of a Cleneral Electric Company’s refrigerator was 
used for freezing purposes (-15^ C.). This five-times frozen sus¬ 
pension was spun for two hours at 4,000 revolutions per minute, a 
slightly opalescent fluid being obtained. A j)ortion of it w*a8 boiled 
for two hours, a slight turbidity being produ(*ed in the process. 

Two groups of sheep were immunized, one with the spun and the 
other with the spun and boiled supernatant. Table XT records the 
results. 


Table XI. 

The immunizing power of the supernatant of frozen and thawed 
bacilli and of this materiai after boiling for two hours, (Expt. 
S. 5595.) 


Material 

Injected. 

i 1 

1 1 

Date and 
An\ount. 


Test; culture i.m. (c.c.). 

13/3/36. 

01 

0-25 

Supernatant. 

22/2/35, 6 0 c.c. 

Sheep... 

. 1(41623)L 

2(41666)L 

Boiled supernatant.. 

22/2/36, 5 0 c.c. 

Sheep... 

Oontrcls. 

3 (41632) t 2 

4 (37386) + 1 

6(41641) tl 

6 (41620) t o/n 

1 

Boiled supernatant.. 

22/2/36, 6 0 c.c. 

U/3/36, 6 0c.o. 

Sheep.., 

Controls. 

4/4 

/36. 

0*25 

0-6 

7 (38891) L 

8(37397)L 

9 (40679) 11 

— 


(t = died; L = lived.) 
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Ifesults ,—In sufficient concentration, the boiled bacillary bodies 
of 67. chauvad ])rodiiced a high degree of immunity in sheep, the 
test material lieing a young meat-broth culture, injected intra¬ 
muscularly. However, when the boiled germs were suspended in 
an amount of saline equal in volume to that of the culture from 
which they were obtained, the immunity produced was poor (or 
absent). 

The sujiernatant of a five-times frozen and thawed dense living 
suspension was of high antigenicity. The boiling of such a super¬ 
natant, whilst reducing greatly the antigenic- value, did not entirely 
destj’oy the antigen. 


The Choice of a Houtine Vaccine. 

The following points were carefully considered before a decision 
was made on the medium to be enqiloyed in the prei)aration of 
vaccine : — 

1. The routine medium and method of pixiduction had proved 

satisfactory on past occasions. 

2. A pf)tent lu’oduct (‘ould be produced in horse or donkey 

flesh meat liroth plus serum. As before mentioned, there 
was the difficulty of obtaining serum in quantity and of 
ensuring its sterile addition to medium. Without serum 
or haemolysed red cells, there was the definite possibility 
that growth would not be initiated in .all flasks. 

y. A tryptic- digest muscle medium could be employed or a 
mixture of (Jolebrooke’s liver digest and horse-flesh in¬ 
fusion liroth. These uere very seriously considered, but 
finally rejected owing to the ilifficulty ol preparing a 
large bat(di in a working day. 

4. TTiifortunately Henderson’s lioiled bacilli vaccine could not 
be considered owing to the large amount of medium that 
would be recpiired for its production and to the difficuilty 
that would lie experienced in separating the germs from 
the culture. 

Finally it was decided to retain the routine medium, but to 
introduce some variations. It had been the custoin of one of us 
(J.Il.S.) to mainlain the 67. chavropi strain in von Hibler’s medium, 
passaging a cAjlture through a guinea-pig just prior to the inocula¬ 
tion of a batch of medium. Instead, the strain was held in horse¬ 
flesh meat broth, care being taken that the pH of the medium was 
7 () just prior t <3 seeding. From a tube, which was a direct culture 
froni the heart l)lood of a guinea-pig, a subculture was made into 
von Hibler’s medium, at pH 7*6, and after eighteen hours’ incuba¬ 
tion, flasks of medium were inoculated from this. The von Hibler’s 
medium was used to ensure an inoculum, containing a large number 
of organisms. The pH of the medium in the flasks (20 litres) was 
adjusted to between 7*6 and 8*0 just ])rior to inoculation. Care was 
taken that the amount of liver particles in the flasks was about 
one-third of the total volume. After thirty-six hours’ incubation at 
38^ C., when grow^th and gas formation were vigorous, the liver 
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pieces were removed by sieving, 0*5 per cent, formalin added and 
incubation carried on for three more days.. The final product passed 
adequate sterility tests and was innocuous for sheep in 20 c.c. amounts 
subcutaneously. 

The results of a year’s use of vaccines prei)ared as just described 
have been satisfactory. 

As an example of the type of vaccijie now being prepared after 
a little more than one year’s use of the method just mentioned, the 
following experiment (15) may be quoted. Six vsheep received 5 0 c.c. 
of vaccine (prepared from 20-litre quantities of medium) sub¬ 
cutaneously and were tested three weeks later by the intramuscular 
injection of an 18 hours’ von Hibler culture. Two Avithstood 10 
M.L.l)., two, 20 M.L.J). and two, 40 M.li.l). (Experiment S. 
and sheep 43388, 43401, 43417, 43488, 43()85, 43934, 43580 and 
43111.) 


Comment. 

It is difficult to say if only one change was responsible for the 
improvement in the vaccine. Whilst retaining the original medium 
the following alterations have been made:—(1) The maintenance of 
the CL vhavva^i strain in meat broth instead of von Hibler’s medium, 
(2) the ensuring that the initial pH of all media was 7*0-8-0, (3) a 
shortening of the incubation time, (4) the leaving out of the re¬ 
additions of glmtose to the medium and (5) anaculture instead of 
filtrate used. 

The ex])eriinents detailed have showui that excellent vaccine may 
be produced after twenty-four hours’ incubation of culture but that 
no significant difference in immunity ])roduction was got with vac¬ 
cines prepared from media of initial pH 0-8 and 8 0 respectively. 
How^ever, one may justifiably conclude that better g)*owth could be 
expected from a medium the pH of w’hich was 8 than from one where 
it was 6*8. The strain was maintained in meat broth, because 
experience showed that the virulence did not decrease in this medium 
whereas it did so in brain medium. Actually after one year’s 
maintenance in meat broth the virulence of strain 64 increased four 
times. Further, meat broth cultures were usually five to ten times 
more pathogenic than those from von Hibler’s medium. 

Although the addition of glucose (with the accompanying adjust¬ 
ment in pH to 7*8) on several occasions, as originally carried out, 
did lead to the production of a dense growth of the" germ with a 
possible extra formation of antigen, the definite possibility existed 
that the long incubation period and the metabolic products formed 
during these re-growths ” might destroy antigen already formed. 

Finally, one result that comes out clearly is the consistently 
good results obtained with small quantities (SOO c.c. to 2,000 c.c.) 
of meat broth medium (Experiments 1, 2, 3, 4, 5 and 8); when 10 to 
20 litre volumes were used, satisfactory vaccine was produced but 
not always of the same high value as with small amounts of medium 
[Experiments 6, 7 {a) and 10 gave good vaccines, and Experiments 
7, 9 and 13 vaccines of a lower value]. The probable explanation 
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for this was thoii^^ht to be the procedure in autoclaving. The small 
ainoiiuts were heated for half an hour at C. whereas to ensure 

sterility, the large volumes were heated at 115^ C. for four hours on 
two succ^essive days. 

All exiieiiment (Hi) set up lo investigate this question did not 
yield absolutely satisfactory results. The batch of medium used was 
noted under ‘‘ choice of a routine vaccine (Experiment lb). Flasks 
of bOO c.c. (‘.apacity were used—one was autoclaved twice (one day 
interval) at IKP V. for one hour and the other at llb^ ('. (on two 
occasions) for tour hours. The vaccdnes (anaciiltures) prepared from 
these media weie injected sul)ciitaneously in bd) c.c amounts into 
two gTou])S of foul* sheej) ea(‘h. The test was cariied out along with 
that conducted for E.xjieriment lb with the following r(‘sults: — 

V’accine from flask sterilized for 2x1 hour at 110^ number 
of fatal (loses withstood bv sheej)—(1) b, (2) 10, {>]) 20, 
(4) <40. 

Vaccine from flask sterilized for 2 x4 hours at llb^ —number 
of fatal (loses withstood bv sheej)—(1) <b, ((>) 10, (7) <20, 

(8) <40. 

It should be n()t(*(l fliat flu* same medium sterilized in bulk 
(Exjieriment lb) jiroduced excellent vaccine even although subjei^ted 
to 2x4 hour periods at llb^ (\ This ai)j)arently is at variance with 
the results nf)ted, but sin(‘e over-sterilization is detrinumtal to 
medium (shown uj) when small cjuantities are used) one can conclude 
that the same detrimental effect occurs when large vi)lumes arc' 
employed. However, in this case, all the medium is not subjected 
all the time to the high temperature and therefore the sterilization 
of boo and 20,000 c.c. quantities is not to be compared. 

Although it is jiossible and even jinjbable that over-sterilization 
played a jiart in the jirodiu'tion of low’ Autlue vaccines, it is obvious 
that it is not the wdiole explanation. Experiments destined to chnir 
uj) this ]>()int are at ju’esent under coiKsideralion. 


CONCLUSIONS. 

1. Potent Cl. chaurtvi vaccine (anaculture) may he made in 
horse-flesh infusion broth j)lus 1*0 per (‘ent. jiejitone, O-Sb 2 )er cent, 
salt and 2—b per cent, of serum and/or the haemolysed red cells of 
the horse, ox and sheep (meat particles one-third by volume). 

2. Tryptic digests of horse muscle media jiroduce satisfactory 
vaccines. 

8. Boiled, dense suspensions of 67. chauvwi injected sub¬ 
cutaneously into sheej) produce a high degree of protei tion to culture 
injected intramuscularly, 

4. The medium and method finally decided on as a routine 
measure was: ox-liver infusion broth (liver jiarticles one-third by 
volume) jilus 1*0 j)er (;ent. i)e])tone, 0'85 i)er cent, salt and I per 
cent, glucose added after sterilization, i)H 7*8, 3G hours’ incubation, 
and 0-5 per cent, formolization for three days at 37® C. 
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APPENDIX. 


PREPARATION OP ROUTINE MEDIUM. 

Boil one part of minced ox liver with two parts of tap-water for half an 
hour. 

Fill into flasks of 20 litres capacity and add 1 per cent, peptone, 0*3 per 
cent, sodium chloride and 0*2 per cent, dibasic sodium phosphate (NajjHPOJ. 

Sterilize at 116<^ C. for 4 hours on each of two successive days. 

Add enough of a saturated watery solution of glucose (sterilized at 110<5 0. 
for 1 hour on each of two successive days) to make a 1 per cent, solution and 
adjust pH to 8*4. 

Incubate to test sterility. 
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PREPARATION OF ROUTINE VACCINE. 

Inoculate flask with 50-100 c.c. of a 20 hours’ von Hibler culture and 
incubate at between 370 C. and 390 C. After 3-4 days, gas formation having 
almost ceased, tlie pH is readjusted to 8*4 and enough sterile saturated glucose 
solution is added to make a 1 per cent, concentration. Vigorous gas formation 
again occurs. The addition of gluc 9 se and the readjustment of the pM is 
repeated on one or two further occasions at 3-4 days interval. The culture is 
clarified by passing it through paper pulp and sterilized' by filtration through 
a E. K. Seitz filter. 

To the sterile filtrate enough formalin is added to make 0-4 per cent, 
concentration and incubated for 4-6 days. 


PREPARATION OF MEAT BROTH. (Volumes of 10-2,000 c.c.) 

To one pound of fitu'ly minced horse muscle add one litre of 0*5 per cent, 
saline solution. 

Boil tor one liour and filter. 

Neutralize and put in cold room over-niglit. 

Retilter. 

Add 1 per cent. Witte peptone. 

Adjust to 8*5. 

Boil and filter. 

Fill into tubes or flasks containing enough washed cooked minced meat to 
make one-third hy volume. 

Autoclave lor half an hour at 15 pounds pressure. 

In the case of 10-20 litre (|uantitics aiitodave for 4 hours on each of two 
successive days. 

The wasluMl meat is ofitained hy adding to distilled water the minced meat 
from which th(» extract v^as made. The mixture is brought to the boil and 
strained through muslin. The meat is then pressed until no more fluid exudes. 


PREPAR.4TI()N OF TRYPTIC DIGEST LIVER BROTH. 

Mince up ox liver and to every pound add one litre of water. Heat to 
450 0. and adil 1 per cent, trypsin and make alkaline. Keep at 450-50° C. and 
allow to digest for 14 hours. 1’hen make acid with acetic acid and l>oil for 5-10 
minutes. Filter, make alkaline and autoclave for half an hour at 15 pounds 
pressure. Filter through paper, tube and re-autoclave. 
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Recent Investigations into the Toxicity of 
Known and Unknown Poisonous Plants 
in the Union of South Africa. 

By DOITW (t. STKYN, Section of Pliarniacolooy and Toxi(*.ology, 

Oiiflerstepoort 


(Continued from Ondetsivpoort Jovrual of Veierhiarij Science and 
Annual huhistrij, Vol. 4, No. 2, 1935.) 


COMPOSITAE. 

Dcnckui capensis Thunb. (O.JMI. No. 8895; 23.7.3>4 
N.H. No. l()4Sr)). 

Comrno n n a m e : - 

Origin: Syferkraal, P.O. Potgietorsriist, Transvaal. 

State and stage of development: Ui*y and in the late flowerirg 
and seeding stage. 

Sheep 38899 {full nwuth, 29 Kg,) received 200 gm. of dry plant 
daily, except Sundays, for a period of twenty-five days. Total amount 
of dry ])lant drenched— 4,200 gm. 

Sheep 34170 {full mouth, 31 Kg,) received 400 gm. of dry plant 
daily, except Sundays, for a period of twenty-five days. Total 
amount of dry plant drenched ~8,400 gm. 

Resvlt: Negative. 

Geigeria nspera Ilarv. O.P.H. No. 12844; 16.10.34). 

Common name: Vomiting-bush; vermeerbossie. 

Origin: Skaapplaats, P.O. Wolvehoek, O.F.S. 

State and ,^tage of derelojrment: Fresh and in the pre-flowering 
stage. {N,B, —New growths on plants of j^revious season.) 

Sheep 38193 (4 tooth; 35 Kg,): 600 gm. of the fresh plant at 
3.30 p.m. on 16.10.34. 

17.10.34— 9 a.m.—hoven, apathetic, accelerated pulse and 
laboured respiration. Received another 600 gm. of fresh plant. 
Vomiting occurred about three hours of ter administration of the 
second dose. Temperature 104*8^ F. 

18.10.34— 8 a.m,—animal found dead. 
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Post-mortem appearance, —^I^ronounced general cyanosis; rumen 
markedly distended with gas; hyperaemia of ruminal wall; acute 
catarrhal enteritis; pronounced hyperaemia of the lungs; haemorr¬ 
hages in the mucosa of the thoracic i)ortion of the trachea. 

The plant was then dried in the shade and administeied to a 
sheep to ascertain whether it had decreased in toxicity. 

Sheep 38945 (4 tooth; 30 Kg.): 400 gm. dry plant on 20.11.34. 

21.11.34— appears ill; laboured respiration; apathy; hoven. 
Received another 400 gui. dry plant. 

22.n.34—do. Received another 400 gm. dry plant. 

23.11.34— do. Lips stained with ruminal contenls. Recei\ed 
another 400 gm. dry plant. 

24.11.34— do. Temperature 104*8^ F. Received another 400 
gm. dry plant. 

20.11.34^—do., vomiting; temperature 104*()^ F. Received 200 
gm. dry plant. 

17.11.34— do., vomiting. Drenching dis(‘ontinue(l. 

28.11.34— do.; improving; temperature 104^ F. - 

29.11.34— improving; temperature 104° F. 

30.11.34— improving; temperature 104*4° F. 

1.12.34— improving; temperature 102*4° F. 

2.12.34— apparently normal. • 

Forty grams of dry plant is equivalent to about 100 grams ot 
fresh plant. 

Two thousand six hundred gm. drg plant (equivalent to about 
6,600 gm. fresh plant( only caused transitory symiitoms of vermeer- 
siekte in sheep 38945, whilst 1,200 gm. fresh plant (equivalent to 
480 gm. dry plant) caused death in sheep 38193. 

It therefore appears that the fresh plant decreases in toxicity 
during the process of desiccation. The result of this experiment is 
however not conclusive proof that such is .the case as owing to the 
fact that a limited amount of plant material was available only tw*o 
sheep could be employed in the test. 

Inula graveolens Desf. (O.P.II. No. 1792; 12.6.35). 

Common names: Khaki bush, Khaki weed, stinkw’eed (Australia), 
kakiebos. 

Origin: Stellenbosch, Cape Province. 

State and stage of development: Dry and in seeding and post 
seeding stage. 

The person from whom the plant was received stated that she 
had used it with great success in the treatment of a c>ase of 
rheumatism after other recognised cures had failed to give relief. 
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In Australia it is used in the treatment of asthma and in Europe 
it is administered in colic, dysuria and amenorrhoea. A volatile oil 
with a g^reenish fluorescence has been isolated by Schimmel and Co. 
and probably contains homyl acetate. According to Merck the plant 
apparently contains two active principles, which have a paralysing 
eftect on the central neivous system (Watt and Breyer-Brandwyk, 

Rabbit A (2 4 Kg,) received 10 gm, dry plant twice daily for 
seven days, lhat is a total of 140 gm. in the course of seven days. 

Rabbit B (2*25 Kg,), ditto. 

Sheep 4d448 (80 Kg,) received 800 gm. dry plant daily on flve 
consecutive days, that is a loial of 1,500 gm. (iry plant. 

Result: Negative. 


Pyrethrvni extract. 

The extract is obtained from the flowers of Fyretlirum carnemn, 
P, rnucasiuNi, P, cinenafoliuui and P, roseuui. 

In the course of experiments comUuded with locust ])oisons the 
effects of Pyrethruui extracts upon locusts were investigated. Ex¬ 
tracts of Pyrethrum flowers are very poisonous to cold-blooded 
animals but much less so to 'warm-blooded animals, owing to tlie fact 
that the pyrethrines are readily saponifled and broken down in the 
system of the latter animals (Magens, 19f32). 

It is a 'W’ell-known fact that the pyreth r I ns are not very toxic to 
stock. The Pyrethrin extract ’’ used in this experiment contained 
approximately 50 per cent, pure pyrethrin and for the remaining 
essential oils of the plant. 

Sheep 40057 (2-tooiJi, 22 Kg,) received 50 c.c. of the extract per 
os at [) a.m. on 5.9.34. 

0.9.34—apparently healthy. 

7.9.34— do. 

8.9.34— do. 

9 . 9 . 34 — listless, laboured respiration and accelerated and strong 
pulse. 

10 . 9 . 34 — 8 a.m.—very listless, staggering gait, marked ataxy 
and weakness in hind-legs, pronounced dyspnoea.^ Eventually the 
animal w^as unable to rise (general paralysis). It died at 9 a.m. with 
symptoms of asphyxia and with the head drawn backwards. 

Post-mortem appearances (interim about 1 hour).—Blood ver> 
watery and stained the finger badly; oedema of the bronchial and 
mediastinal lymphglands; pronounced hyperaemia and oedema of 
the mucous membrane of the posterior portion of the ruminal and 
reticulum w^all; acute catarrhal enteritis affecting the jejunum and 
ileum. 
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Senecio hupleuroides DC. (O.P.H. No. 11490; 26.9.34; 

N.H. No. 16642^. 

Common name: Kagwort. 

Origin: Allerton Laboratory, Pietermaritzburg, Natal. 

State and stage of development: Wilied and in the flowering 
stage. 

Sheep 34170 {full mouth, 42 Kg.) received 1,200 gm. of the dry 
plant on three consecutive days (equivalent to about 3,500 gm. of 
fresh plant). 

Result: The animal developed no symptoms of poisoning except 
transient fever. 

Senecio (nearest Senecio Burchellii D.C.) (O.P.H. No. 15603; 

23.11.34). 

Common name: Ragwort. 

Origin: Boksburg, Transvaal. 

State and. stage of development: Fresh and in the flowering 
stage. 

Sheep 38899 (4 tooth: 31 Kg.) received 2,000 gm. of the fresh 
plant and 1,000 gm. of the dry plant in the course of ten days. 

Result: Negative. 


Geamineae. 

« 

Sorghum saccharafum Pers (O.P.II. No. 524; 15.4.35). 

Common name: Sweet sorghum, black amber cane, soetriet. 

Origin: Newcastle, Natal. 

State and> stage of development: Fresh and in the late seeding 
stage. 

The fresh leaves were found to contain approximately 0*15 per 
cent, hydrocyanic acid. 

Acacia giraffae Willd, (O.P.H. No. 1230; 8.5.35). 

Common names: Transvaal camelthorn, Transvaalse kameel- 
during. 

Origin: Colorado Ranch, Rustenburg, Transvaal. 

State and stage of development: Dry mature pods. 

The Manager of the Colorado Ranch informed the writer that 
sevei'e losses amongst cattle had occurred in a camp where camel- 
thorn trees are growing abundantly. These trees had never borne 
and shed so many pods in previous years as during this season. 
iAnother fact that should be mentioned is that at the time the losses 
pccurred grazing was very poor in the camp concerned. 
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The Manag’er slated that the animals were usually found dead, 
no symptoms haviiij^* been nolic.ed ])rior to death. Autopsy revealed 
no characteristic lesions, the only striking; feature being’ that in all 
cases the rumen contained large numbers of partly masticated camel- 
thorn pods. TJiifoiiunately no specimens of ruminal contents were 
submitted for analysis. 

The pods were found to contain a])proximately 0*08 ])er cent, 
hydrocyanic acid. 

For further information concerning the toxicity of this tree see 
Steyn and Himington, JOdb. 

Aracia sall(/na Wendl. (O.P.Tl. Xo. 750; 25.4.35). 

Common namea: Port Jackson willow, golden willow. 

Origin: Baakens Piver Native Peserve, Port Elizabolh. 

State and stage of derelopment: Fresh young shoots with no 
flowers or fruits. 

Sheep 42538 (4 tooth ; 32 Kg^) received 1,200 gm. of fresh leaves 
on tvNo consecutive days. 

liesuJt: Negative. 

Hydrocyanic arid test, 

(1) Fresh leaves alone: negative. 

(2) Fresh leaves alone + chloroform : negative. 

(3) Fresh leaves alone-f-emulsion : negative. 

Jdiese results were confirmed by tests conducted by Ur. C. 
Pimington. 

Cassia ahsvs L. (O.P.Il. No. 2790; 11.5.34: N.H. No. 10430). 

Common name: . 

Origin: Potgietersrust District, Transvaal. 

State and stage of development: Dry and in tlie flowering and 
seeding stage. 

Sheep 38885 (() tooth; 25 Kg.) received 1,000 gm. of the entire 
dry plant in the course of five days. 

Result: Negative. 

Crotalaria Hurkcana Beiith. (O.P.H. No. 5774; 30.5.34). 

Common name: Stiff-sickness bush; stywesiektebos. 

Origin: Matibaskraal, P.O. Eustfontein School, Pietersburg 
District. 

State and. stage of development: Dry and in the late seeding 

stage. 

The stems, leaves and pods were ground and drenched to sheep. 
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Sheep 38945 ((j-tooth; 28 Kg.) received 100 gin. dry plant or 
0.7.34. 

7.7.34— appears healthy. 100 gin. dry plant. 

8.7.34— do. Not drenched. 

9.7.34— slight painfulness in front hoofs. 100 gm. dry plant. 

10.7.34— slight painfulness in front hoofs. 100 gin. dry plant. 

11.7.34— slight painfulness in front hoofs. 100 gm. dry plant. 

12.7.34— appears normal again. 100 gm. dry plant. 

13.7.34— drenching discontinued. 

Sheep 38193 29 Kg.) received 400 gni. dry plani on 

(5.7.34. 

7.7.34— 8 a.in.—peculiar gait as if all feet are jiainful. The 
hind-legs are placed well under the body and back arcdied. All lioofs, 
especially those of the hind-legs, painful and warm; tem])eratin‘e 
103*8^ F. Another 400 gm. of dry plant; temiierature 103-8^ F. 

8.7.34— condition slighlly belter; not drenched. 

9.7.34— do.; 400 gm. dry plant. 

10.7.34— condition almost normal; 400 gjii. dry plant. 

11.7.34— do.; 400 gm. dry plant. 

12.7.34— apparently healthy; 400 gm. dry ])lant. 

13.7.34— do.; drenching discontinued. 

Result: Sheep 38193 definitely exhibited symptoms of an acute 
laminitis, which surprisingly passed off in spite of continued drench¬ 
ing of the animal. The animals were kei)t under observation for four 
months, hut no elongation of the hoof was noticed. 

As soon as fresh plant material is available this experiment will 
be continued. 


Lotononis calydna var. hirsutissima Diim, (O.P.IT. No. 404; 
13.4.35: Cryptogamic Herb No. 3459). 

Common name: -. 

Origin : Tarlton Station, Krugersdorp District (Collected by Mr. 
L. C. 0. Liebenberg of the Division of Plant Industry). 

State and stage of development: Dry and in the flowering and 
seeding stage. The plant is affected by fungi. 

Hydrocyanic acid test, 

(1) 1 gm. of entire plant—negative. 

(2) 1 gm. of entire plant-f chloroform—negative. 

(3) 1 gm. of entire plant-f emulsion—negative. 
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IjILIACEAE. 

Dipcadi (jlaucuni Bkr. (O.P.H. No. 22784; 28.8.85). 

Common name: Wild onion, wilde-ui, nialkop-ui. 

Orifjin: “ Biisg'enoej^’ Louis Tricluirdt District. 

Staic and stape of dcrelopmcnt: Fresli bulbs in Ihe post seeding 
stage. 

Fresh leaves, 

liahhit A (1-85 Kp,): U) gn,. at 11 a.m., 28.8.85. 

Rahhil B (1 *9 Frf .): 80 gin. at 11 a.m., 28.8.85. 

29.8.80—appears healtby. J5 gin. fresh leaves. 

Re salt: N ega i i ve. 

Fresh hulhs. 

Rabbit A (2*2 A'/y.); 10 gru. at 11.15 a.m., 28.8.85. 

Resv /f; Negai i ve. 

Rabbit B (2*85 Kg,): 80 gm. at 11.15 a.m., 28.8.85. 

29.8.85— api)ears liealiby. 85 gin. fresli bulbs. 

30.8.85— diarrhoea, not feeding. 

81.8.85— diarrhoea, improving. 

1.4.85— apparently healthy. 

2.4.85— ap])arently healthy. 

On a number of previous occasions the ])lant has been proved 
toxic to sheep and rabbits. The decreased toxicity of the above speci¬ 
men is probably due to its being tested in the post seeding stage. 

Material (O.IMT. No. 15180; 12.11.84) of this plant in tlie 
flowering stage collected on the Kesearch Station, P.O. Mara, Louis 
Trichardt District, was drenched to a shee[). 

Sheep 40028 {{\-iooth; 81 Kg,): 800 gin. of the fresh bulbs, 
leaves and flowers at 4 p.m. on 12.11.84. 

13.11.34— not feeding well, listless, another 800 gm. 

14.11.34— 7.80 a.m.—standing in a corner of the pen pressing 

hard against the fence; temperature 100*4^ ; profuse diarrhoea 

(faeces yellow and watery); very apathetic; not feeding; groaning; 
dyspnoea; accelerated and stiong pulse (12*0 p.m.) 

15.11.34— 7.30 a.m.—Died i-uevious night. 

Post-viorfevi appearances ,—Interim approximately five liours. 
Rumen markedly distended with gas; intense general cyanosis; acute 
catarrhal abomaso-enteritis. 
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Ornithogalurn Pretoricnse Bkr. (O.P.H. No. 18715; 8.1.35). 

Common names: -. 

Origin : Queenstown Uistrict, Cape Proviiuie. 

Sf^te and stage of development: Fresh and in ihe flowering* 
stage. 

Rabbit (2*1 Kg.): 50 gin. of the fresh bulb and leaves per os 
on 8.1.35. 

Resvlt: Negative. 

Scilla ( —Mogg 5630 named Scilla oralifolia Bkr) O.P.H. 

No. 12506 A; 5.10.34; N.fl. No. 16646). 

Common names: -. 

Origin : liietpoort P.O. Sandspruit, Eastern Transvaal. 

State and stage of development: Fresh and in the flowering 
stage. 

Rabbit A (1*8 Kg,): 10 gm. fresh bulbs, leaves and flowers on 
5.10.35. 

6.10.35—apparently healthy; 10 gm. 

Rabbit li (2 Kg.): 20 gm. fresh bulbs, leaves and flowers on 
5.10.35. 

6.10.35—apparently healthy; 20 gm. 

Resvlt: Negative. 

Tulhaghia acutilobia ex descrip. (O.P.H. No. 12506 B; 5.10.34. 

N.H. 16647). 

Co m m o n na m e : -. 

Origin: ‘‘Rietpoort P.O. Sandspruit, Eastern Transvaal. 
Slate and stage of development: Fresh bulks in the seeding stage. 
Rabbit A (1 *8 Kg.): 10 gm. fresh bulbs on 5.10.34. 

6.10.34— apparently healthy; another 10 gm. 

7.10.34— do. 

8.10.34— do. 

9.10.34— do. 

Rabbit B (2 Kg.): 20 gm. fresh bulbs on.5.10.34. 

6.10.34— apparently healthy; another 20 gm. 

7.10.34 to 10.10.34—apparently healthy. 

Result: Negative. 
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Urginea aUissima Bkr. (O.P.H. No. ]5708; 2;3.1].34.) 

Covimon name: Maerinaru 

Origin : Bierkraal ”, Riistonkur^ Disiriet. 

State and stage of derelopnicnt: Fresh bulks with flowers 
(flower-stalks 3-4 feet long). 

Rabbit A (I *8 Kg.)' 10 gm. juice expi’essed froui fresh bulbs 
on 23.11.34. 

. Residf: Negative. 

Rabbit 13 (2 0 Kg.): 00 gm. juice expiessed from fresh bulbs 
on 23.11.34. 

23.11.34— not feeding. 

24.11.34— not feeding. 

23.11.34— ajjparontly healthy. 

Rabbit C (21 Kg.): 120 gin. juice expressed from fresh bulbs 
on 23.11.34. 

24.11.34— 7.30 a.m.—found j)aialysed in cage; respirations slow 
and deep; heart-beat 30 p.m. irregular and weak. 

2‘).11.34—8 a.m.—still ])aralysed ; killed in cwtreinis. 

Post-mortem apfiraranrc. —llyperaemia of the lungs; dilatation 
of both heart ventricles; hyperaemia of the kidneys; pronounced 
hyperaemia of tlie mucosa of the stomach and small intestine. 

OXALIBACEAK. 

O.ralis Smithii Send. (O.P.IT. No. 1897; 11.0.35;. 

Common names: -. 

Origin : Port Elizabeth, 

State and stage of development: Fresh l)u]bs witJi no flowers or 

seed. 

Rabbit ^4 (2'8 Kg.): 20 gm. fresh bulbs daily for three days. 
Rabbit 13 (2*3 Kg.): 20 gm. fresh bulbs daily for three days. 
Result: Negat ive. 


Santalaceae. 

Thesinm triflorum Thb. (O.P.H. No. 8037; 10.7.34: 

N.H. No. 10478). 

Common name: Gifbossie. 

Origin: Springfield ”, P.O. Tafelberg, Cape Province. 

State and stage of development: Dry plant in seeding stage. 
Rabbit 4 (2-1 Kg.) : 10 gm. of dry plant daily for four days. 
Rabbit 5 (2-2 Kg.) : 20 gin. of dry plant daily for four days. 
Result: Negative. 
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VlTACEAE. 

Cissus Jutiae, 

Co in moth names: Wild grape, wilde druiwe. 

Origin: Auros P.O. Otavi, South West Africa. 

Stale and stage of develop merit: Dry leaves submitted. Specific 
name of plant was sent by the X)erson who submitted it. 

Sheep 38945 {fall month ; 31 Kg.) received 3,200 gm. of the dry 
leaves in the course of nine days. 

Rcsvh: Negative. 
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Studies in Mineral Metabolism XXXIV. 

The Effect of Sulphur upon the Weight and 
Wool Production of Sheep when Food 
Intake is not Limited. 


B.v r. J. DU TOIT, A. 1. MAliAA', J. VV. GROENEWALD and 
M. L. liOTIIA, Sec1i(3iis of Biochemistry, Xiiiritioii and Wool, 
Onderstepoort. 


JxV a recent article by dn Toii ct al (1935) it was concluded that u 
daily dose of 5 gnus, of sulphur ^iveii over a iioriod of twelve months 
was without si^^nificant effect on sheep kept on a productive ration 
but a limited intake. It follows, therefore, that the sulphur fed 
was without visible effect on the dij»'estion and iitilization of the food 
j’dven, for neither the weight of nor the wool produced by the 
sulphur-fed group show^ed significant differences from that of the 
control group. It is obvious, how^ever, that the experiment concerned 
would not. have indicated increavsed food consumption and subseipient 
increased body w^eights and wool production should the feeding of 
sulphur to sheej) stimulate ajiiietile. An investigation was therefore 
begun ill May, 1934, in wdiich sulphur was given to sheep under 
conditions which did not limit the amount of food consumed but 
merely registered the individual intakes periodically. 

Kxpkuimental Details. 

Twenty uniform tw'elve-months-old Merino ewes, divided by 
randomization into two groups of ten each were used in the experi¬ 
ment. As in the previous investigation the sheep w’ere fed in 
individual feeding Iwixes daily from al>out 2 p.m. until 8.30 a.m. 
the following morning. All the food except greenfeed was given 
in tw’o feeding-boxes, one for the hay and one for the maize. The 
amount of food given was such that some of it, i.e. both hay and 
maize, was left over. This procedure ensured maximum food con¬ 
sumption of each individual animal. The food left over wtis weighed 
back at intervals w^hich were determined naturally by the poorest 
eaters whose feeding boxes showed the fastest accumulation of food. 
Whenever food was weighed back all the boxes w’ere emptied even 
those in which only a small accumulation of food had taken place. 
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Green feed when f^iven in the individual feedings peiLs vras not taken 
well, probably partly due to the abundance of food present which 
necessitated tne accumulation of some j^reenfeed, creating therefore, 
excellent conditions for deterioration. The sheep showed little 
inclination to take more than very small quantities of the <; 5 *reenfeed. 
Hence, shortly after the bef^iniiing of the experiment, the sheep 
were ^iven greenfeed in a common trou^’h replenished daily and to 
which they had free access when not in the individual feeding' pens. 
This trough was idac.ed in the j)addoc-k alongside that in which the 
feeding pens were built, and was protected from rain and sunshine. 
XJnder these conditions the consumption of greenfeed was found to 
be satisfactory and the practice was continued throughout the course 
of the experiment. 

?fo special arrangements were made for exercising the sheep, 
but there was every reason to believe that the daily routine of the 
experiment, sucli as letting the sheep into and out of the feeding- 
pens, daily inspection in the common pen, driving the sheep to the 
weighbridge at intervals and incidental handling of the animals, 
inovuded sutlicient exercise. Furthermore, the animals were run 
in a common pen when they were not in the feeding boxes. The 
size of this pen (25 by 12 yards) where, incidentally, the sheej) 
always had access to drinking water, allowed the shee]) to move about 
freely which also provided some exeicise. 

The animals were weighed at monthly intervals, individual food 
consumption vv’as recorded, wool growth for the full period was 
registered, 5 grms. of flowers of sulphur made into a paste with 
water was given daily in a spoon to each animal in one group of 
ten animals while the remaining animals were kept as controls. The 
experimental i)eriod lasted froiji 28.5.34 until 27.6.35, when the 
dosing of sulphur was stopped but both groups kept under the ex]}eri- 
mental conditions for another four months. The sheep were tested 
periodically for the presence of intestinal worms and were always 
found to be practi(?aUy free. 

Experimental Results and Discussion. 

IF eights. 

The average weight-curves of the respective groups of sheep are 
given in the figure below and the individual weights are given in 
Table I. 

The weight curves given in Figure 1 exclude the possibility 
of a significant difference in weight between the group of sheep 
receiving a supplement of sulphur daily and the control group. The 
greatest average difference in weight between the two groups in the 
course of the experiment was 2 kgs., which was reduced to 0*3 kg. 
during the post experimental period. From the individual weights 
given ill Table I it will be seen that apparently not a single sheep 
in the sulphur fed group reacted to sulphur feeding. As a matter 
of fact the heaviest sheep at the close of the experiment belonged 
to the control group and this animal was the heaviest throughout 
the latter half of the experiment. The sudden drop in weight during 
May, 1935, was due to shearing and is of course shown in both 
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curves. All the sheep in the experiment were in excellent condition 
throuf^hout the course of the investio-ation us would he antitd])uted 
from a study of the weight curves and attained the really remarkal)le 
averaf’o weight for sheep of this type of approximately 100 lb. at 
two years of a«*e. 

Food Conau nipt ion. 

As already stated food consumption was re^-istered by wei^^hin*** 
back ])eriodically the food left over in the feeding? boxes. Crushed 
yellow maize was fed in the one Ivox and lucerne huy in the other 
Avhile the ^wenfeed was ^yiven in a trough in the common 
paddock. The amounts of both maize and Hay fviven were such that 
soine was invariably left over daily by practically all the sheep 
while the ^reenfeed was not consimiod totally on a single occasion. 


Fig. 1. -A\erjigo w(*iglit cur\e». 



The amount of crushed maize given per sheep per day varied 
from 450 grins, at the beginning of the experiment to 5()0 and 
600 grms. at later stages, with an average daily consnin])tion of 
500 grms. per day in group 1 for the entire ])eriod and 520 gnus, 
in group 2. Ijikewise the hay consumptions per head per day were 
IGO grms. and 165 grms. respectively for gix)ups 1 and 2. The low 
consumption of hay is naturally due to the abundance of concentrate 
given and taken. It would appear therefore that group 2, i.e. the 
group receiving a daily supplement of sulphur, ate slightly more 
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food than the control group. However, on submitting the data on 
food-consumption to statistical analysis it was found that the 
difference in intake between the two gioups was quite insignificant. 
It must be concluded therefore that 5 grms. of sulphur given (laily, 
except Sundays, to the sheep did not effect the appetite of the animals 
significantly and furthermore, that the utilization of food was un- 
a&cted by the sulphur in sofar as weight increase of the animals 
could be used as a criterion of food utilization. The sheep consumed 
on an average about one pound of greenfeed daily. 

It should be mentioned that the suli)hur was dosed in the form 
of a paste. Fifty grms. of sulphur were weighed out, transferred 
to a screw-topped fruit-jar, enough water added to form a paste with 
the sulphur, the jar closed and the contents shaken vigorously. This 
method of preparing the ])aste was very successful, whereas it was 
exceedingly difficult to moisten the sulphur particles by stirring or 
gentle shaking in an open container. Hosing the dry powder was 
not found to be practicable for routine purposes over periods, as the 
animals easily inhaled the powder, while administering the sulphur 
through a stomach tube took too long. The paste was dosed in a 
spoon and with a little practice it was quite easy to transfer ten 
appioximately equal quantities of paste from the common container 
holding 50 grms. to the animals’ mouths. 

IF ool Production . 

The sheep were shorn twelve months after the beginning of the 
experiment. The weights of the grease wool '(unskirted) are given 
in Table 11. 


Table II. 

Weight of iVool given in Kg, 


1 

Nos. of Animals. 

Control 

Group. 

(Kg. wool.) 

Nos. of Animals. 

Group rocoiving 
6 gm. S. daily. 
(Kg. wool.) 

40251. 

4 4 

40261. 

5 3 

40252. 

4 9 

40262. 

5 0 

40253. 

4 5 

40263. 

— 

40236. 

4-5 

40343. 

6-2 

40255. 

4 7 

40262. 

4-8 

40256. 

5-3 

40266..;. 

4-3 

40257. 

4 4 

40264. 

4 5 

40258. 

4-9 

40268. 

4-5 

40259. 

4 6 

40269. 

4-6 

40260. 

4 4 

40333. 

6-4 

Averages ... 

4.7 

Averages. 

4-9 






Apparently the total yield of wool (not scoured) was not 
influenced by sulphur feeding. In view of the negative results of 
the detailed analysis of the wool of the she^ receiving a daily dose 
of sulphur in the earlier investigation (du Toit et al 1834) only the 
fleece weights were taken in this experiment* It was conclusively 
shown in the earlier work (van Wyk et al 1935) that sulphur feeding 
is without effect on the quality and quantity of the wool produced. 
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Discussion. 

On coiupariiio' the weif^lit increases of the two groups of slieep it 
will ])e noticed that the mean increases are reavsoiiahly e(inai there 
beino* only a difference of -11 in favour of the sulphur fed ^roup 
wlii(ih is altogether insignifi(;ant. When allowance is made for the 
difference in food intake it is found that this adjustment does not 
make an appieciable reduction in the variance and that the adjusted 
difference of 2 2 kg, in favour of the control group remains quite 
insignificant. 

In short, it may be said that the conclusion is justified that a 
daily dose of b grms. of flowers of sulphur is without effect on the 
bodyweight, food consumption and wool production of sheep. It 
se(*ms necessary, however, to review briefly the work on sulphur 
feeding to shee]) that has been published from this Institute in order 
to state the final conclusions clearly. 

Steyn's investigations (19dl, I9fi2, 19d4 and 19db) weie under¬ 
taken, as stated by him, to determine the quantity of suljihur that 
could be administered to young and full-grown slunqi wilh safety 
()\er ])iolonged jieriods. Obviously, the body weights of the sheei) 
could be registered with advantage and this was done accordingly, 
hhirthermore, the sheej) had to be shorn in the course of the ex])t‘ri- 
ment, and hence, the weights of the wool produced were recorded. 
It is abundantly clear from Steyn’s ])ublication (19d4) that he fully 
realizes the unsuitability of his material to determine the nutritional 
value of sul])hur when, naturally, increase in body Aveight, food con- 
sum])tion, effecd on ])roduction, etc., are inqmrtant considerations 
and if this information had be(m retjiiiied his ex])eriments w’ould 
have been ])lanned dilfeiently so as to to (uisure the registration of 
these observations for the collection of suitable data for justifiable 
and definite conclusions. At best, therefore, it can l)e said that the 
results of Steyn’s original experiment (19'il, 1942) seemed to suggest 
that sulj)huT‘ when administen'd to mature sheej) at the rate of b grms. 
once, twice or tliret* times weekly', over j)iolonged ])eriods stimulates 
increase in body weight and wool yueld. In a subsequent experiment 
(Stey'ii 194b) b grins, of suljihur were adininistt‘red daily to immature 
sheep w'itliout <letrimental etfect on body weight ami on the wool 
production of the animals. As a matter of fact the differences in 
body w'eight and in the weights of the wool produced are significantly 
in favour of the sulphur fed animals. All the sheej) were fed ad lih. 
as one group, Avhich excludes a consideration of more (‘fficient food 
utilization or increased f(K)d consumption of the sulj)hui' fed when 
comjiared w’ith the controls. Again, therefore, it can be said that 
this investigation suggested that vsulphur feeding to shee]) affects 
their bodyweights and wool production beneficially. What is, how¬ 
ever, quite definite about this w’ork is that sulphur administered in 
the doses stated did not affect the animals detrimentall.y. 

Working upon the indications of Steyn’s original exiimiments 
(1931, 1932) du Toit et al (1935) carried out an investigation wuth 
sheep to determine the nutritional value of sulphur. Five grms. of 
of sulphur were dosed to each animal in a group of sheej) daily 
while another group was kejit as controls. The experiment w’as 
planned to satisfy the requirements of a feeding trial. The body 
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weights of the sheep were registered periodically, a productive ration 
was fed to the individual sheep in separate feeding boxes and the 
food consumption of the individual animals was recorded. The 
animals were kept on the basal ration for a twelve months pre- 
experimental period afler which Ihe sulj)hur was administered to the 
one group for a furthei* twelve months. Both groups were of course 
still kept on the basal ration for the second period of twelve months. 
Wool was collected from all the animals in both groups, analysed 
and reported on by van Wyk, Botha and Bekker (1935). In view 
of the entire absence of any significant difference in body weight, 
food consumption and wool production of the sulphur fed group 
when compared with the control group the conclusion appears to be 
justified that a daily dose of 5 grins, sulphur did not effect the sheep 
significantly, when they were given a production ration. 

The above experiment with sheep on a limited food intake 
obviously excludes a consideration of increased food consumption 
which miglit be an effect of sulphur feeding and hence the investiga¬ 
tion reported on in the i)resent paper under conditions of ad lihltuni 
feeding was undertaken. Again the experiment was planned, 
primarily with the object of determining the nutritional value of 
sulphur and fulfills the demands of a feeding trial. 

As in the ])revious work no beneficial eife(‘t of sulphur feeding 
could be determined, nor was the food intake of the sulphur fed group 
significantly affected. 

The main result of the Onderstepoort experiments on the effect 
of administering sulphur to sheep, could therefore be summarized 
as follows: Five giuns. of sulphur can be given per os to sheep over 
prolonged periods without detrimental effects. The body weights, 
food consumption and wool prodmdion are apparently not signifi¬ 
cantly affected by the ^sulphur administered to the sheep. 
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Sulphur Metabolism. 

II. The Distribution of Sulphur in the Tissues 
of Rats fed Rations with and without the 
addition of Elementary Sulphur. 


By J. H. KELIjEBMANN, Section of Biochemistry and Nutrition, 

Onderstepoort. 


The injection and oral administration of elementary sulphur as a 
pro])hylacti(*> in various diseases has been practised, for many years 
and the popularity of this dru^- in medicine seems to increase of 
late rather than de(‘rease. Vet, curiously enou^di, little was known 
about the extent to which this element is absorbed and stored in the 
animal body. However, a few investif>iitors have studied the storage 
of some of its metabolic, products (sulphide and sulphate) l)ut, un¬ 
fortunately, their results do nol ^dve a true picture of tlie metabolism 
of elementary sulphur as such. Nevertheless, their results have soine 
bearing on those to be ])resented in this arti(de and are, therefore, 
reviewed. 

It w’as found at the Iowa Experimental Station (1924) that 
sulphur, when fed to ew^es in daily doses of 0*5 oz., was retained in 
the animal body to a considerable extent, though there was evidence 
that some had been oxidised to sulphates and excreted in the urine. 
Support vseems to be lent to this point of view by the author’s work 
(19dr)) on the absori)tion and excretion of sulphur in rats and sheep. 
Denis and Heed (1927b) analysed the blood of dogs that had been 
fed a standard ration to which liad been added pow^lered sulphur 
to the extent of O o gm. per kilo, per day and found in some cases 
an increase in the non-protein sulphur compounds and in others a 
marked decrease. Tasaka and Nakazawa (1981) observed that the 
change in blood picture after subcutaneous injection of colloidal 
sulphur is similar to that after subcutaneous injecdion of insulin, 
only less marked. According to the work of Kiibo (1981) the feeding 
of sulphur and injection of insulin decidedly increased both the 
total and neutral sulphur contents of most organs, especially those of 
the suprarenal capsules where the sulphate content was also raised. 
Meyer-Bisch and Techner (1931) found no changes in the hydro¬ 
lyzable and total sulphur c^ontents of the liver in rabbits that 
received siiljiliur parenterally, 

Denis and Leche (19251)) in a vseries of experiments in which 
hypertonic solutions of sodium sulphate were administered to dogs 
by intravenous injections found by analysis of the blood, muscles, 
and viscera that there was little absorption of the suljdiate iron by 
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the tissues, although even two hours after injection the sulphate 
content of the blood might still be ten times its initial value. Arnolcli, 
Liss and Itosam (1932) fed mineral water containing neutral sul- 
])hates to one and alkaline sulphates to another group of rais and 
found that the average values for total sulphur in the livers of the 
animals were higher for both the groups given sulphate waters than 
that of the control animals. 

N'either Lehmann (1tS92) nor Meyer (1898) could find any 
hydrogen sulphide in the blood of dogs that had inhaled this gas over 
a long period of time. Uenis and Ileed (1927a) analysed the blood 
of dogs that had received sodium sulphide by intravenous injection, 
or by inje(‘tion into the intestine and observed that there was some¬ 
times a l ise in the inorganic sulphate but no in(‘iease in the neutral 
sulphur fraction. These increased values were noted particularly 
in the case of animals in whom the kidneys had been tied off. 

Taken as a wdiole the literature given above seems to show that 
sulphur is stored to a certain extent in the animal body and it was, 
therefore, the object of this investigation to study more full\ th(‘ 
extent to which and the form and tissues in \vhi(‘h sulj)hur is stored 
in the organism, which information, it was thought, might sub¬ 
sequently throw some light upon the cause of the toxic effect of the 
oral administration of flowers of sulphur as observed by Steyn 
(1931), Lewis and Lewis (1927) and Lawson, Tledfield and lloyce 
(1934). 


Experimexial. 

White rats were used in these experiments. The young rats 
used in the first experiment were the same animals that were 
employed in another investigation in which the growth of rats fed 
a modified Osborne-Mendel diet with and without added sulphur 
was studied. The composition of the rations and the experimental 
conditions are given in the third paper (Kellermann, 1939), of this 
series and will, therefore, not be described in detail again. For the 
sake of clarity, however, it can be mentioned that three groups of 
young rats were ted a modified Oslwrne and Mendel low protein 
j-ation with and without the addition of 0*8 per cent, of elementary 
sulphur. Groups II and III received the sulphur supplemented 
ration. In addition the animals received distilled water exc.ept those 
of group III that *were given fresh orange juice ad lihiUnn instead 
of water. On the last day of the experiment referred to above the 
rats were killed and the tissues removed for analysis. Two groups 
of 04 and 08 adult rats of about nine to ten months of age w^ere 
used in the second experiment. They were raised on the stock 
ration used in this laboratory (Kellermann, 1934) and the only differ¬ 
ence in the treatment of these groups was the substitution of three 
l)ar<s by weight of flowers of sulphur for the same amount of yellow 
maize meal in the ration of one of the groups for the last twenty-one 
days. 

The rats were put under ether anaesthesia and then bled to 
death after severing one or both carotid arteries. The blood was 
collected in a beaker that contained lithium citrate as anticoagulant. 
After the pooled blood was strained through muslin in order to 
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remove any hairs, it was allowed io cool down to room temperature. 
The brain, femoral muscles and thoracic and abdominal viscera were 
removed, and »reat (;are w^as taken not to contaminaie them with 
any hairs. The tissues to be analysed were then pooled and finely 
ground up. 

Only the total sulphur determinations were mad(‘ on the tissues 
of the rats (young) in the first experinieni. They were made on 
the dry materials, after the tissues had been dried in an electric 
oven. The tissues of the rats (adult) in the second experiment were 
analysed for total sulphur, total sulphate and volatile sulphide. All 
the deteiniinations were made on the fresh tissues, but for the sake of 
better comparison the results are expressed in milligrams sulphur 
per 100 gm. dry material. The moisture determinations were carried 
out in 05 c.c. weighing bottles kept for about twelve to fifteen hours 
in an electric oyen which was run at 9(S^ C. The total sulphur 
deterjiiinations were nmde according to the method of Feigl and 
S(*horr (]92»f). When the determination was made on tlie fresh mate¬ 
rial the ground up tissue (2-d gm.) was thoroughly mixed with the 
JfaaC(),,-KMii(), mixiure and then dried over a steam bath before 
the rest of the metlnxl was procetMled with. The total sulphate 
sulj)hur determinations weic' made according to a modified method 
of Denis and Leche (1925a). Whenever enough material was avail¬ 
able, 20 gm., instead of 10 gm., of fresh material were auto(daved, 
as described by Denis iind Ijeche, with 200 c.(‘. of 25 per cent. Hcl 
(i.e. 1 vol. of concentrated llcl made up to 4 vols. with distilled 
water) in a 400 c.c. Jena beaker. The conienis of the beaker w’ere 
then transferred (juantitatively to a 500 c.(‘. volumetric flask by 
>vaijn distilled water, cooled and the flask filled to ihe, mark. The 
liquid, aftei* thorough mixing w^as filtered through No. 588 of (5irl 
Schleicher and Schuirs filter ])aper. The sulphate in an aliquot 
(250 c.c.) of the filtrate was then precii)itated by the addition of 
Tlacljj solution and determined further according to the gravimetric 
method as llaSo,. The volatile sul])hide was also dt'termined gravi- 
metrically as BaSOi as described by Tleffter and Hausmann (1904). 
The results obtained with the young rats are given in Tables 1, 11 
and in. 


Tajjlk I. 


Distribution of Total Sulphur in Tissues of Younp Nats fed J/of//- 
fied Oshorne-Mendel Nation for Si.vty Days. 

(Five animals, three months of age wdien killed, were used.) 




Tissue. 


Moisture. 

Sulpliur in Dry 
Matter. 

Brain. 

Lung. 

Liver. 

Spleen.... 
Heart.... 
Kidney... 
Muscle.... 
Blood.... 




Per Cent. 

77-9 

77-5 

71*6 

75 •] 

77-3 

74-7 

72-3 

81-6 

Mgm. Per Cent. 
52M 

593 6 

582-2 

647 1 

856-5 

726-4 

680-1 

878-0 
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Table II. 

Distribution of Sulphur in Tissues of Young Rats Receiving 
Elementary Sulphur in Food, {Modified Oshorne-Mendel Ration 
Containing 0*8 per cent. Flowers of Sulphur for Last Si,rty Days, 

(Five animals, three months of age when killed, were used.) 


Tissue. 

Moisture. 

Total Sulphur 
in Dry Matter. 

Brain... 

Per Cent. 

77-5 

Mgra. Per Cent. 
532-6 

Lung. 

76-9 

763 8 

Liver. 

69-6 

663-9 

Spleen. 

Heart. 

7 : 1 -9 

796 9 

76-5 

925-5 

Kidney... 

74*3 

797-9 

Muscle. 

73-3 

673-9 

Blood. 

80-7 

887-0 


Table III. 

Distribution of Sulphur in Tissues of Young Rats Receiving 
Elementary Sulphur in Food, {Modified Osborne^Mendel Ration 
Containing 0*8 per cent. Flowers of Sulphur Plus Orange juice ad 
libitum for last Si,rty Days.) 

(Five animals, three months'of age when killed, were used.) 


1 

Tissue. 

Moisture. 

Total Sulphur 
in Dry Matter. 


Per Cent. 

1 

Mgm. Per(Cent. 

Brain... 

77-5 

625-9 

Lung.. 

73-6- 

644 2 

Liver. 

72-3 

661-6 

Spleen. 

63-6 

747 3 

Heart. 

72-7 

832-4 

Kidney.. 

70-8 

748-7 

Muscle. 

71-0 

666-6 

Blood... 

81-3 

804-0 


It will be seen that in the first group without the addition of 
elementary sulphur the blood and heart contained the largest quantity 
of sulphur. Next in order came the kidney, then the muscle and 
spleen, and lastly the lung, liver and brain. Comparison of the 
data in Tables 11 and III with those in Table I shows that sulphur 
feeding increased especially the total sulphur content of the lung 
and s]^een, and also to a certain extent that of the heart and kidney 
in group II. The lungs and spleen of the sulphur fed animals in 
group II contained respectively 170*2 and 149*8 mgm. and in group 
III 60*6 and 100*2 mgm. more sulphur per 100 gm. dry material 
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than the same tissues taken from animals fed the basal ration alone. 
The hearts and kidneys of the animals in f?roup II only contained 
and 71-5 m<^m, per cent, more sulphur than the respective 
organs of the (‘ontrol gi-oup. On the other hand the livers and 
muscle of the sulphur fed animals contained less vsulphur than the 
same tissues from the control animals. However, these reduced 
values are so small that they are of no significance. Furthermore, 
it should be mentioned that on the whole, less sulphur was stored 
in the tissues of group III than in those of group II. It may be 
that the extra basi(t elements introdu(‘ed with the orange juice caused 
a faster and more complete excretion of the oxidised sulphur in the 
urine in view’ of the fact that Moraczew’oki and Sliwinski (1984) 
have found that the elimination of both thiocyanates and sulphates 
is rapid on an alkaline diet but slow’ and somew’hat prolonged on 
an acid one. TTnfortunately, the data available are to<^) few’ and the 
differences in the amounts of sulphur stoied in the various tissues of 
rats fed sul))hur rations with and without orange juice are not 
marked enough to warrant any definite conclusions and further work 
is ne(‘essary in order to elucidate this point. 

It should also be iiointed out that the accuracy.of the results 
])resented in Tables I to III must be accepted with some reservation 
in view’ of the fact that the tissues were first dried before being 
analysed and it is ])ossible that during the process of drying some of 
the sulphur escaped as volatile sulphide. In order to test out this 
jioint two groups each of five young rats w’ere fed the modified 
Osborne and Mendel low’ protein ration, w ith and w’ithout the addition 
of 0*(S per cent, elementary siiljihur, over a period of bO days after 
w’hich their tissues w’ere analysed for volatile vsulphide. The latter 
was tested for qualitatively on the various fresh tissues (])ooled for 
each grou])) by steam distillation as described by Osborne (1928). 
Notwithstanding the fact that the animals w’ere in a very poor 
condition, no volatile sul[)hide could be detected in any of the tissues 
by this method except in the liver w’here only a trace was present. 
Bearing the observations of Osborne in mind, it would seem, there¬ 
fore, that fresh rat tissues and beef in poor condition, unlike the 
flesh of sheep and guinea-pigs in a similar condition, do not emit 
sulphide on boiling. The liver of the sulphur-fed animals emitted 
about three times as much sulphide as that of the control group, 
whereas only traces of sulphide w’ere found in the kidney and muscle 
of the sulphur group. Fuithermore, tw’enty-four hours after killing, 
the muscle of the control group did not yet emit any sulphide where¬ 
as that of the sulphur group show’ed almut tw’ice as much sulphide 
by that time as the fresh muscle fiom the same group. With the 
probable exception of the liver of the Ruli)hur group, it w^ould seem, 
therefore, that he sulphide lost, through drying ciould not have been 
of such magnitude that it would have seriously affected the validity 
of the conclusions drawn. 

As a matter of fact the results presented in Tables IV and V 
show that negligible amounts of HgS were present in the fresh tissues 
of adult rats that received a stock diet with and without the addition 
of sulphur. 
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Table IV. 

Distribution of Various Forms of Sulphur in Tissues of Adult Rats' 
Receiving Stock Ration. 

(Sixty-four animals, about nine to ten months of age, were used.) 


Tissue. 

Moisture. 

Total 

S. 

Sulphate 

S. 

Hydrocen 

Sulphide 

S. 

“ Undotf'r- 
mined 

S. 


Per Cent. 

Mjrm. 

Per Cent. 

Mgm. 

Per Cent. 

Mgm. 

Per Cent. 

Mgm. 
Per Cent, 

Brain. 

771 

751-6 

77-87 

1-03 

672-60 

Luntr. 

75-2 

803 9 

30-45 

trace 

773*45 

Liver. 

72-0 

895-6 

j 11-79 

0-68 

883-13 

Spleen. 

75-5 

1110 0 

11 21 

trace 

1098-79 

Heart. 

77*2 

1364 0 

9-63 


1354-37 

Kidnev. 

75-8 

1062-0 

30 12 

>> 

1031-88 

Muscle. 

70-8 

933-3 

4-24 


929-06 

Blood. 

79-2 

876-8 

10-64 

- 

866-16 


Table V. 

Disfrihntion of Various Forms of Sulphur in Tissues of Adult Rats 
Receiving High Intake of Elementary Sulphur. (Stock Ration 
containing 3 per cent, of Flowers of Sulph^ir for last Twenty-onc 

Days. 

(Sixty-eight animals, about nine to ten months of age, were used.) 


Tissue. 1 

Moisture. 

1 

Total 

s. 1 

1 

Sulphate 

S. 

1 

Hydrogen 

Sulphide 

“ Undeter, 
mined ” 

8. 

Brain. 

Per Cent. 

77-'4 

Mgm. 

Per Cent, 
764-3 

Mgm. 

Per Cent. 
81-41 

Mgm. 

Per Cent. 
0-99 

Msrm. 

Per Cent. 
681-90 

Lung. 

76-2 

861 8 

27-39 i 

0-25 

834*16 

Liver. 1 

72-3 

925-5 

16-76 

0-50 1 

908-24 

Spleen.. .. 

75-7 

1171 0 

10 77 

trace 

1151-23 

Heart. 

77-1 

1445-0 

-1502 


1429*98 

Kidney. 

75-4 

1088-0 

50 75 

1-36 

1035-89 

Muscle. 

72-4 

958*1 

7-47 

0*30 

950-33 

Blood. 

78-6 

883-9 

18-91 

0-36 

864-63 


A further study of these tables shows that the heart contained 
the largest quantity of total sulphur. Next in order came the spleen 
and kidney, then the muscle, liver, blood and lung wdth brain the 
lowest. Exactly the same order also holds true for the sulphur grouj>. 
Comparison of the data in Table V with those in Table IV shows 
that sulphur feeding increased the total sulphur content of the heart, 
spleen and lung. These organs of the sulphur fed animals contained, 
respectively, 81*0, 61*0 and 67*9 mgm. more sulphur per 100 gm. 
dry matter than the same organs taken from animals raised on the 
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stock ration alone. This substantiates the data obtained with young 
rats (Tables I and 11 ) fed the Osborne-Mendel ration with and with¬ 
out added sulphur. However, it should be pointed out that the 
total sulphur contents of the tissues of the adult rats fed the stock 
ration alone are all, except for th blood, perceivably higher than 
those of the same tissues of young rats fed the basal Osborne-Mendel 
ration. The grand average of the tissues of the eight organs for 
the adult and young rats were 974*6 and 685*6 ingm. per 100 gm. 
dry material, respectively. It should be borne in mind that the 
young lats were fed a low protein, cystine deficient diet that was 
also very low in sulphur content whereas the adult rats were raised 
on a normal stock ration, and one of the contrilmting factors for 
the low total sulphur content for the 1 issues of the young rats 
probably was that the tissues of the latter animals were consequently 
very low in non-protein sulphur. 

The data of Kambayashi (1929) seem to support this theory 
His figures for the total sulphur, expressed as a percentage of the 
fresh ]naterial, are slightly low’er than those of the author, calculated 
on the same basis, for adult rats. Unfortunately, he only determined 
the total sulphur in the femoral muscles and liver of male rats 
weighing 180 to 250 gm. For these tissues he found 242 and 
222 mgm. per cent., respectively, w’hereas the author’s figures are 
188*4 and 165-. 3 mgm. feu* the respective tissues of the young and 
272*5 and 250*8 mgm. for those of adult rats. From these figures 
it is obvious that his data, obtained by means of fusing the dry 
niaterial with a mixture of KNO 3 and HNO 3 etc., are likewise appre¬ 
ciably higher than the results obtained by the author with the young 
rats, the cause of which, as mentioned before, should most probably 
be l(M)ked for in the low sulphur intake by these animals. 

With regard to the total sulphate content of the tissues in the 
control group the brain contained by far the largest amount of this 
salt. Xext in order came the lung and kidney, with approximately 
equal amounts, then the liver, spleen and blood also with approxi¬ 
mately equal amounts whereas the heart and muscle contained the 
least. The high figure for kidney can, as mentioned by Denis and 
Leche (1925b) probably be explained on the basis of unavoidable 
inclusion of traces of urine, while it is possible that the high values 
for the brain and lung were due to the decomposition of some unstable 
sulphur containing lipoid. Comparison of the siilphate content of 
the kidney, sjdeen and blood. These tissues of the sulphur fed 
animals contained, respectively, 20*63, 8*55 and 8*27 mgm. more 
sulphate sulphur per 100 gm. dry material than the same organs 
from animals fed the stock ration alone. 

With regard to the distribution of hydrogen sulphide, it is clear 
that the feeding of sulphur had no effect upon the concentration of 
this fraction in the tissues. This is to be expected in view of the 
fact that Haggard (1921) has shown that blood plasma possesses the 
property of oxidizing hydrogen sulphide rapidly by the withdrawal 
of oxygen from the blood corpuscles. Although he did not determine 
the products of oxidation, results obtained by the author (1936) seem 
to show that they are sulphates. This finding, together with the 
observation of Denis and Leche (1925b) that sulphates, injected into 
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the blood stream, are only slowly excreted, explain why the blood 
and most tissues of sulphur-fed rats contain more of this constituent 
than the tissues from control animals. 

The ‘‘ undetermined ’’ sulphur values of the tissues of both the 
sulphur and control groups ran parallel, as will be expected, with 
the total sulphur contents, and comparison of the former values in 
Tables IV and V shows once more that feeding of elementary sulphur 
increased especially the sulphur content of the lung, spleen and heart. 

Summary. 

(1) The distribution of sulphur was determined in the tissues of 
three groups of young rats. One was fed a modified Osl)orne-Mendel 
low protein basal diet, one the basal diet supplemented with 0*8 per 
(^ent. of elementary sulphur, and the remaining one the same 
supplemented ration plus orange juice ad libitum. Sulphur feeding 
increased especially the total sulphur content of the lung and spleen. 
Next in order came the heart and kidney. The total sulphur content 
of the lung of the »sulphur group was 170*2 and of the spleen 149*8 
mgm. more per 100 gm. dry material than the content of the respec¬ 
tive tissues taken from the control group. The average increase in 
the amount of sulphur in the heart and kidney was about half of 
the average increase in the lung and spleen. On the whole less 
sulphur was stored in the 1 issues of the sulphur group ihat received 
orange juice in addition, but the differences are too small to warrant 
any definite conclusions. 

(2) The distribution of various forms of sulphur in the tissues 
of two groups of adult rats,, one fed the stock ration, the other 
the stock ration supj)leniented with 3 per cent, elementary sulphur, 
WTis also determined. Sulphur feeding likewise increased the total 
sulphur content of the heart, spleen and lung but not so much of 
the kidney. The three former organs contained, respectively, 81 *0, 
61*0 and 57*9 mgm. more sulphur per 100 gm. dry material than 
the same organs taken from animals raised on the stock ration alone. 

(3) Sulphur feeding had little effect upon the sulphate content 
of rat tissues, thus substantiating the observation of Denis and Leche 
(1925b). The only tissues in which the sulphate content w*as slightly 
increased were the kidney, spleen and blood. The respective tissues 
of the sulphur fed animals contained ’20*63, 8*55 and 8*27 mgm. 
more sulphate sulphur per 100 gm. dry material than the same tissues 
taken from the control animals. 

(4) There was found to be no difference in the concentration 
of volatile sulphide in the tissues of animals fed rations with and 
without the addition of flowers of sulphur. 
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Sulphur Metabolism. 


III. The Effect of Flowers of Sulphur on the 
Growth of Young Rats fed an otherwise 
Well-balanced Ration. 


By J. 11. KKLLEBMANN, Section of Biochemistry and Nutrition, 

Ondei\ste])oort. 


AcconniNCi to the work of several investigators the oral adniinisira- 
tion of flowers of sulphur offers interesting possibilities of success 
in checking* intestinal putrefaction in chicks in conflneinent 
(Phillips, Carr and Kennard, 1921) and worm infestation in sheep 
(Steyn, 1932). Montgomery (1932) and Burman (1932) also found 
that the ingestion of an adequate amount of flowers of sulphur served 
as a good projihylactic in malaria. 

Unfortunately the adminivstratiou of sulphur cannot be left in 
inex])erienced hands and the promiscuous feeding of sulphur should 
be warned against, in view of the fact that the dosing of high levels 
of sulphur was found to be definitely toxic. Steyn (1931), for 
instance, observed that the dosing of 45 gm. of flowers of sulphur 
per week per sheep over a i)eriod of thirty-five days given in daily 
doses of 15 gin. cause symptoms of jmisoniiig and high mortality.” 
Lawson, Redfield and Boyd (1934), >vho experimented with rabbits 
and guinea pigs, found that by giving doses of from 0*5 to 2*0 gm. 
of either colloidal or flowers of sulphur per kgm. of body weight 
directly into the stomach through a small stomach tube all the 
animals died within twenty-four hours. The stomach walls were 
necrotic, the kidneys intensely congested and the livers slightly so. 
The spleens showed little change as did the hearts and lungs. Lewis 
and Lewis (1927) observed that sulphur when added to the milk 
powder-starch diet of Sherman and Merrill (1925) was definitely 
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toxic and caused the death within periods of from 3 to 21 days of 
fourteen out of twenty-two animals wT^ose diet contained it to the 
amount of 1 per cent. With a few exceptions, the livers of the rats 
which died showed a marked peripheral zonal necrosis. 

However, the latter authors also observed that the feeding of 
1 per cent, of sulphur wdth the Osborne-Mendel low protein diet 
was less toxic than when added to the same extent to the Sherman- 
Merrill diet. This observation seems to show that the toxicity of 
sulphur can be controlled to a certain extent by the composition of 
the food given. If that is true, it will be of great practical import¬ 
ance in regions where sulphur is administered as a prophylactic to 
diseavse in man and animals. 

As will be pointed out later on in this article both the Sherman- 
Merrill and Osborne-Mendel diets are deficient in certain food 
essentials whereas the mixed diets of man and animals, under normal 
conditions, usually contain enough of the various essential con¬ 
stituents. It was thought, therefore, of interest to study the effect 
of elementary sulphur on the gtwth of young animals given diets, 
which were as complete as possible, from a nutritional standpoint. 


Experimental. 


Albino rats of about three to four weeks old and of the London 
strain of the Wistar Institute stock were used in these experiments. 
In the first experiment (preliminary) three groups of five mts eacli 
were used. Each grouj) of animals was housed in a big cage with 
a raised screen bottom. The animals were fed ad lihitu 7 n and the 
total food consumption for each group recorded. The basal ration 
used in this ex])eriment was a modification of the Osborne-Mendel 
low protein diet given in Table I. One group received the basal 
ration and the other two the basal ration supplemented with 0*8 per 
cent, of flowers of sulphur. The sulpur was added at the expense 
of the dextrinized starch. The animals were weighed once a week 
throughout the experimental period and on the last day of the experi¬ 
ment. Fresh distilled water was at all times available to the animals 
except to those of one of the sulphur groups which received fresh 
orange juice ad libitum instead of water. The orange juice was 
substituted for water because it was thought that its basic elements 
might play a r61e in the detoxication of hydrogen sulphide. As a 
matter of fact the author (1936) found that EjS is oxidized (detoxi¬ 
cated) better in an alkaline than in an acid or neutral medium. If 
this is also true for the oxidation of HaS in living organisms, the 
observations of Saywell and Lane (1933) and Schuck (1934) that the 
hydrogen ion concentration of the urine of men and women subjects 
can be decreased and the alkaline reserve of their bodies increased 
by taking 1 000 c.c. of orange juice daily might still prbve itself of 
vame in the detoxication of sulphur. The results are given in 
xabie II. 
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Table I. 


Composition of Basal Rations in Percentage by Weight. 

Modified 

Osbome-Mendel Stock Diet. 
Diet. 



Mork’s casein. 

(-rude casein. 

Modified Steonbook salts 40*.... 

Dextrin]zed starch. 

Powdered snercse. 

Mork’s j)repared lard. 

(bd livcr-cil. 

Agar. 

Brewer’s yeast. 

Yellow maize meal. 

Jjinsoed oil meal. 

Milk iKJwder (Nestle’s, S. Africa), 

Lucerne meal. 

Butter fat. 

Beef liver (dried at 70‘(^). 

Bone ash. 

(’aloium carbonate. 

Sodium chloride. 



* The MgS ()4 in Steenbock and Nelson Salts 40 (1923) was rejjlacjcd by the same 

amount of magnesium carbonate. 


Table II. 

Summary of Growth and Food Consumption. 


Hat. 

No. 

Sex. 

1 )iet. 

Initial 

Weight. 

Final 

Weight. 

Gam 

or 

Loss. 

1 Total 
Food. 

Gain ])er 
100 gm. 
Food. 




Gm. 

Gm. 

Gm. 

(»m. 

Gm. 

11 

Female 

Basal. 

43 

50 

1 13 

— 

— 

12 


,, . 

52 

84 

+ 32 

— 

— 

13 


^ . , , - ^ ^ T. 

45 

72 

1 72 

— 

— 

14 


^ ^. 

50 

09 

+ 19 

- 


15 

- 

. 

53 

73 

1 20 

— 

— 



Mean . 

48 0 

70-8 

+ 22 2 

202 

8 5 

10 

Male 

Basal + 0 '8 jier cent. S. 

50 

47 

-- 3 



17 


— 

44 

54 

MO 

— 

— 

18 


— 

41 

43 

+ « 

_ 1 

— 

19 


— 

40 

57 

+ 11 



20 

- 

— 

36 

57 

+ 21 

i 

— 



Mean. 

43-4 

51 0 

+ 8-2 

22B 

3*6 

21 

Female 

Basal -f 0-8 per cent. S. 

48 

78 

+ 30 

1 

— 

22 


])lu8 orange juice ad> lib. 

40 

54 

1 

+ 14 


_ 

23 


— 

40 

35 

- 5 

— 


24 


_ 

47 

54 

+ 7 

— 

— 

25 

•» 

— 

44 

44 

± 0 

— 

— 



Mean. 

43-8 

53 

4 9-2 

222* i 

41 


* The food value of orange juice was not taken into consideration. 
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In view of the fact that the groups were too small and, because 
the food consumption of each animal was not measured separately, 
no statistical analysis can be made of the results. However, the 
results seem to show that the incorporation of 0*8 per cent, of sulphur 
in the basal ration retarded the rate of growth, and that the adminis¬ 
tration of orange juice had, under the experimental conditions, no 
beneficial effect on the rate of growth of the second sulphur group. 
Over a period of 60 days the average gain in weight, the total food 
consumed and the gain per 100 gm. food were 22*2, 8*2 and 9*2; 
262, 226 and 222, and 8*5, 3*6 and 4*1 gm. for the basal, sulphur 
and sulphur plus orange juice groups respectively. 

In a second experiment the effect of different concentrations of 
flowers of sulphur was studied on the growth of young rats fed a 
basal ration, which in the light of present knowledge, is complete in 
all respects for this species of animal. The diet was a slight modifica¬ 
tion of the stock ration (Kellermann, 1934) used in this laboratory. 
Its composition is given in Table I. The sulphur rations had the 
same composition as the basal except that sulphur was used in the 
place of like amounts of yellow maize meal in the diets. The paired- 
feeding method of Mitchell and Beadles (1930) was employed, and 
all pair-mates were matched for litter and sex. There were six pairs 
to each group. The initial and final weights of the rats were the 
average of weighings taken on three consecutive days. During the 
rest of the ex[)erimental period they were weighed once a week. Fresh 
distilled water was given in addition to the ration. The animals were 
fed according to the method of Mitchell (1933). The results are given 
in Table III. 

It will be seen that on the .whole the control rats gained highly 
significantly more in weight than those receiving the sulphur supple¬ 
ment. The number of weeks, however, during which the control rats 
gained more in weight than their mates is reasonably near 50 per 
cent, and therefore, indicates no such difference as reflected by the 
gains in weight for the entire j>eriod. Furthermore, the various treat¬ 
ments show no significant difference amongst themselves. 

It is also of interest to note that on the whole the rats in this 
experiment, including those that received rations (containing added 
sulphur, made as good gains as those obtained by (Ireenman and 
Duhring (1923) for the albino rat under normal conditions. As a 
matter of fact even the 11 male and 13 female rats fed the basal 
ration in which was incorporated elementary sulphur in such high 
concentrations as 2*0, 2*5, 3*0 and 3*5 per cent, reached at approxi¬ 
mately 82 days of age average weights of 206*5 gm. and 148*2 gm., 
respectively, which were 60*8 gm. and 11*2 gm. above the respective 
normal weights given by Greenman and Duhring. 

Discussiojf. 

Lewis and Lewis (1927) advanced the theory that, the lessened 
toxicity of sulphur on the Osborne-Mendel diet as compared with 
the Sherman-Merrill ration might be explained by its higher fat and 
protein contents. However, it should be pointed out that, as a 
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whole, the Osborne-Mendel diet is better balanced than the Sherman- 
Merrill one. Not only are its jnoteiii and salts about twice as hi^h 
as those of the latter diet but it is also rich in both vitamins A and D. 
The Osborne-Mendel diet, on the other hand, is decidedly lower in 
the vitamin B complex than the Sherman-Merrill diet, coiivsequently, 
in this ])articular case vitamin B can be ruled out as an a^ent in 
the detoxification of sul])hur. Furthermore, it is very imf)robable 
that the fat in the Osborne-Mendel diet ])layed any appreciable role 
in the detoxification of the sulphur in view of ihe fact that it could 
not be concluded from previous results (Kellermann, 19d5) that lard 
had an inhibitory effect on the absori)tion of sulj)hur. If, as sug*- 
gested by Lewis and Tiewis, the tat formed a coating around the 
particles of sulphur and thus made more difficult the intimate contact 
of the siilj)hur \\ith the intestinal mucosa or the action of bacteria, 
one would have ex])ected a lower concentration of hydrogen sulj)hide 
in ihe digestive tract ami consequently a lower absori)tion of sul])hur. 

There remains one more }>oint of difference in the composition of 
the Osborne-Mendel and Sherman-Merrill diets that deserves to be 
pointed out, namely, their contents in easily available food 
sul])hur In view of the fact that the com[)osition of the Osborne- 
Mendel salt mixture (191d) conforms closely to that of milk salts as 
such, it is evident that (he sulphur content of the Osborne-Mendel 
basal diet must have been at least four times as high as that of the 
Sherman-Merrill one. Furthermore, it will be remembered that the 
inference was drawn in a previous i)ublication (Kellermann, 19'ir)) 
that the ])resence of easily available “ food sulj)hur ’’ in a ration 
might exert a de])ressing effect upon the toxicity of elementary 
sulphur, and it is possible that the greater content of “ food suljduir ” 
of the Osborne-Mendel diet accounted partly for the greater anti¬ 
toxic effect of sul])hur poisoning. 

From a j)erusal of the results given in Tables II and III, it is 
evident that, on the basis of every 100 gm. of food consumed, the 
jats on the modified Osborne-Mendel diet gained over 50 per cent, 
more in weight than those on the same diet supidemented with 0-8 
per cent. sul])hur; whereas in no case weje such great differences 
observed in the growth of i)air-niates fed the modified stock ration 
with and without sul])hur. As a matter of fact, in only a lew 
instances did the control rats gain as much as 12 to 18 per cent, 
-over their “ sulphur ’’ mates on the same amount of food, and in 
28*8 j)er cent, of the total number of pairs, the sulphur-fed animals 
gained even inore than their control mates. Furthermore, it should 
be borne in mind that the sulihur-containing rations had a lower 
energy value than the basal diet, and the rats in the sulphur groups 
were, therefore, put at a disadvantage to those in the basal groups 
in so far as growth was concerned. 

In the 0*75 and 10 per cent, sulphur groups, in contrast to 
those that received 0 8 per cent. sul})hur with the Osborne-Mendel 
diet, there was practically no difference in the average gains made 
by the control and sulphur ” grou])S. It is evident, therefoie, that 
the stock ration has much more antitoxic effettt to sulphur poisoning 
than the Osborne-Mendel diet. The latter diet, as modified in this 
experiment, meets, as far as is known, all the essential requirements 
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for growth except that it is low in protein and cystine contents. It 
would seem that its low cystine content could be ruled out as a cause 
of the high toxicity of sulphur, in view of the fact that Lewis and 
Lewis (1927) found that the toxicity of sulphur, when incorporated 
in the cystine deficient diet of Osborne and Mendel, was not affected 
by the addition of amounts of cystine adequate to produce good 
growth. However, this diet is also low in easily available food 
sulphur ’’ for the reason that the Osborne-Mendel salt mixture was 
replaced by the same amount of Steenbock and Nelson salts 40 (1923), 
modified slightly so as to contain no sulphur. Furthermore, it was 
found by the author (1935) that the absorption of sulphur in a ration 
(lontaining 10 per cent, of casein and 2 per cent, of brewer’s yeast, 
as the only sources of food sulphur, was rather low with a subse¬ 
quently high absorption of elementary sulphur and it might be, 
therefore, that the high toxicity of 8uli)hur when fed with the 
Osborne-Mendel diet as compared with its low deleterious effect in 
the stock ration, was partly due to the low ])rotein and “ food 
sulphur ” contents of the former diet. 


Summary. 

1. Experiments are described in which were studied the effect 
of flowers of sulphur on the growth of young white rats maintained 
on two types of basal diets, one a modification of the low jn'otein 
diet of Osborne and Mendel and t’he other a ration complete in all 
respects from a nutritional standpoint for this sj^ecies of animal. 

2. Sulphur, when added to the amount of 0*8 ])er cent, to the 
low protein diet which w’as als6 low in cystine and food sulphur ”, 
caused a marked retardation of the rate of growth but no deaths 
during an experimental period of 60 days. 

3. The toxicity of sulphur when added to a well balanced ration 
in concentrations varying from 0*1 to 3*5 per cent, was, coini)ara- 
tively speaking, rather low, A comparison of the rate of growth 
of young rats by the^ jjaired-feeding method of Mitchell and Beadles 
showed that the number of weeks during which the control rats 
gained more in weight than their litter mates on the suli)hur rations, 
is reasonable near 50 per cent., which indicaies that the different 
treatments show no significant difference amongst themselves. 

4. The solution of the problem as to why certain rations show 
greater antitoxic effect to sulphur poisoning than others should 
l)robably be looked for in the difference in their protein and food 
sulphur ” contents. The results to date seem to show that rations, 
complete in all respects for grow^th with optimum protein and easily 
available food sulphur ” contents, possess greater antitoxic effect 
to sulphur poisoning than rations that are low in these constituents. 

5. Large amounts of flowers of sulphur can be given to animals 
(rats) without marked deleterious effects on their rate of growth when 
optimum amounts for growth of a well-balanced ration (stock) is 
given at the same time. 
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The author desires to acknowledge his indebtedness to Mr. A. P. 
Malan, M.Sc., of thus Institute, who made a statistical analysis of 
the results. 
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Sulphur Metabolism. 

IV. The Oxidation and Reduction of Elemen¬ 
tary Sulphur by Animal Tissues in vitro. 


By J. H. KELLEBMANN, Section of Biocheinisiry aiul K^utrition, 

(>ii(ler8tej)CK)rt. 


In an article on the therapeutic value of sulphur, Brid^’es (1934) 
stated that vsulphur is one of the oldest of driig^s and si ill occupies 
an important place in our materia medica . . . Sulphur has played 
an important part in htiman medicine, and its use in veterinary 
medicine is in(*reasiri^* every day 

Unfortunately, little is as yet known how it functions tliera- 
peiiticjally. Power (1930; 1932) studied in some detail the etfecds 
of colloidal sulphur injections both in man and in rabbits, and found 
that one of its most cdiaracteristic effects appears to be a leukocytosis 
of polymorphonuclear cells in the bl(X>d stream. Furthermore, he 
found that these cells exhibit, under in vitro conditions, a consider¬ 
able deo’ree of phao’ocytic activity. How^ever, Meyer-Bisch and 
Basch (1921) observed that marked differences exist between the 
effects of the oral and parenteral administration of sul])hur, as 
determined by the (‘omposition of the urine. The fact that the 
latter form of administering* sulphur together with its external 
application as an ointment in the treatment of eczema, mange, ring¬ 
worm, etc., is used so extensively in medicine, probably lead to the 
study of the factors that influencje the reduction of elementary 
sulphur by animal tissues in vitro. The reduction of sulphur is 
most probably the first metabolic (hange that sulphur undergoes in 
its sojourn in the organism. Evidently the better the factors that 
influence this initial step are understood, the easier it will be to 
study the subsequent transformation of sulphur. 

Heffter (1904) and Heff'ter and Hausmann (1904) found that in 
the absence of bacteria and enzymes egg white, blood and many other 
animal tissues, including the intestinal mucosa, could form hydrogen 
sulphide from elementary sulphur. ITow^ever, in a strongly acid 
solution the production of HaS was completely inhibited. Sluiter 
(1930) confirmed the results of Heff’ter and believes the conclusion 
to be justified that HaS production in living tissue after addition 
of sulphur is not due to enzyme activity. She seems to be of opinion 
that the sulphide production can be explained undoubtedly by the 
purely chemical process: 2 G.SH-f-S = 6.S.S.G. *f HoS, in view of 
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the fact that tissues, glutathione and a dehydrogenase solution, as 
three different sources of SH used by her, all yielded H 3 S after 
addition of sulphur. Likewise, Di Capua (1934) observed that 
sulphur is reduced to HaS at about 30® in the presence of cystine, 
and De liey-Pailhade (1929) found that HaS is evolved when certain 
biological materials are mixed with sulphur at 40®, even if the 
nitroprusside reaction is not given. 

The subsequent detoxication of the HgS seems to be by oxidation 
to sulphate, and the blood is doubtless the main tissue of the animal 
body in which oxidation takes place. The results of Denis and Reed 
(1927a) give support to this theory. Furthermore, Haggaid (1921) 
found that the rate of oxidation of HaS in the blood is such that in 
a comparatively short period many times the lethal amount of sodium 
sulphide may be administered intravenously to animals without any 
apparent effect. The blood is reduced bv ihe HaS as a result of the 
withdrawal of oxygen from the corpuscles for ihe oxidation of the 
sulphide. He found that the products of oxidation, though un¬ 
determined, combine in part with the sodium of the plasma. 
Another tissue of importance in the oxidation of sulphur api)ear 8 to 
be the suprarenal glands. Loeper, Garcin and JiCvSiire (1920) believe 
that the suprarenals possess a double function, namely, thiopexic and 
thio-oxidizing in view of the fact that blood from the suprarenal 
vein (ioniains much less sulphur than that from the suprarenal artery, 
whereas blood fiom the suprarenal vein liontains a larger proportion 
of oxidized sulphur than does that from the suprarenal artery. 
Moreover, they observed that the suprarenals are richer in sulphur 
than most other organs, which corroborates the results of Aufrecht 
and Driesing (1910) who consider the adrenal glands as the regulators 
of the sulphur metabolism of the animal body just as, for instance, 
ihe thyroid gland regulates iodine metabolism. 

It is evident from the results of Denis and Reed (1927b), sub¬ 
stantiated later by the work of the author (1935) that he absorption 
of elementary sulphur from the alimentary tract results mainly in 
its excretion in the urine as sulphates. According to the observa¬ 
tions of Meyer-Bivsch and Basch (1921) a large fraction of the sulphur 
injected peritoneally 01 ; intramuscularly is also excreted in the 
suli)hate form. Unfortunately, not much could be learned from 
these in vivo studies as to the extent to which certain facb^rs might 
influence the metabolism of sulphur, and it w^as, therefore, the object 
of this paper to investigate some of the factors that might influence 
the reduction and especially the oxidation of elementary sulphur by 
animal tissues in vitro. 


Experimental. 

In all of the experiments on the reduction (and oxidation) ot 
elementary sulphur by animal tissues in vitro^ a control was always 
run on the same tissue without the addition of sulphur, and under 
the same experimental conditions, in so far as time and temperature 
were concerned. This precautionary measure was essential in view 
of the fact that Osborne (1928) has shown that the flesh of several 
species of animals, when starved or in an emaciated ' condition, 
emitted H^S immediately after killing whereas the flesh of well-fed 
animals of the same species did not evolve HaS until some hours, 
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preferably twenty-four, after killing. Furthermore, in order to 
exclude the possibility of any bacterial action, the studies were 
carried out in an antiseptic^ solution. With the exception of one 
experiment where a w^eak antiseptic of 5 gm. Iwracic acid per litre 
of Ring’er solution was used, all the experiments were carried out 
with the use of a very strong* antiseptic of 0*83 gm. thymol per litre 
of Ringer solution (Lutman 1929). 

The production of HgS by animal tissues in T.ll. solution* was 
studied under seven ditferent conditions. The first solution consti¬ 
tuted a negative contix)! to which no sulphur w^as added. The next 
two served as sulphur controls but the tissue in one of them was first 
boiled for 80 minutes in order to destroy all enzyme action. To the 
four remaining solutions were added sulphur plus varying ainounts 
of acid and alkali to give a solution approximately N/4'd with 
res])ect to HCl, I^/l*7() with respecd to NaOK and N/ U) with respect 
to Nagt’O^ and NaHCOa respectively. When phenolphthalein was 
used as indicator and the solutions containing beef liver were titrated 
hot to end-point with HCl or NaOlI as necessary, it was found that 
the first three solutions had on the average an acid ecpiivalence of 
2*28 (‘.c. the fourth of 8tS14 c.c. X.11(^1 whereas the last 

two had an average base equivalence of 10*73 (*.c. of X.XaOII. 
Almost identical figures were obtained with beef muscle. The base 
eipiivalence of the sodium carbonate and bicarbonate solutions were 
determined by adding an excess of acid to the solution which, 
after being boiled to drive off the carbon dioxide, was then 
titrated back with alkali. The difference between the amount 
of X.H(U added and that of X.XaOIT used in the back titration 
constitutes the base equivalence of the solution. The base equivalence 
of the fifth solution, which was made strongly alkaline by the addi¬ 
tion of XaOH, could not be determined in view of the fact that no 
sharp end-point could be obtained. 

The determination of the reduction of elementarv sulxdiur by 
animal tissues was carried out as follows: 00 gm. of tissue or 00 c.c. 
of blood plus 100 c.c. T.R. solution together with the necessary 
chemicals, as the case may be, and to be described shortly, were 
introduced into a 700 c.c. Pyrex boiling flask and stoppered with 
a tight fitting rubber stoiiper which was provided with in and out 
leading glass tubes. The end of the tube through which air was 
later to be drawui in, was such that its end dipped under the surface 
of the solution in the flask. To the ends of the in and out leading 
tubes w^ere aticached tight fitting rubber tubing, the free ends of 
which were closed tightly with screw pinch-cocks. The flasks were 
then kept in an incubator, which was run at 37®, for twenty-four 
hours with occasional shaking after which the free volaiile sulphide 
was determined by the method as described by Heifter and Hausmann 
(1904). However, an error may possibly be introduced by the 
reduction of elementary sulphur by the various solutions as such, 
that is, without the presence of tissue, in view of the fact that several 
investigators [Geitner, (1864); Boehm, (1883); and Cross and Higgin, 
(1883), as quoted by Heffter and Hausmann (1904)] have found that 


T.R. solution is an abbreviation for thymol-Ringer solution. 
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small amounts of HaS were given off when sulphur was boiled with 
water. Likewise, Heffter (1904) found that sulphide was formed 
when sulphur was heated at 40® with either a sodium hydroxide or 
carbonate solution. 

in order, therefore, to see whether elementary sulphur was 
reduced by the antiseptic solutions as such, these were put through 
the same routine as described above and determinations made of the 
amounts of HjS emitted. Negative results were found for most of 
the solutions except for the carbonate and bicarbonate ones from 
which an average of only a small fraction of a milligram of HaS-S 
was obtained. As a result of these minimal values in (comparison 
with the large amounts of sulphide formed by liver and muscle, they 
were simply disregarded in the presentation of the results obtained 
with tissues. The results are given in Tiible 1. 

Tt will be seen that only traces of H^S were emitted by the 
blood in the various solutions. The most probable reason for this 
phenomenon is that the HaS was completely oxidized by the oxygen 
present in the blood corpuscles. However, quite ditferent results 
were given by the liver and muscle. Here the addition of sulphur 
alone caused the formation of an average increase of 98*7 mgiu. 
HaS-S per cent, over and above the negative (ontrol. Boiling caused 
a great average decrease of 59*86 mgm. HgS-S per cent, coinjiared 
with the frevsh tissue yet still 38*87 mgm. per cent, higher than the 
value of the negative control. The decrease in HjS formation after 
boiling of the tissue can probably be explained on the grounds that 
the SH group was decomposed by heating as was shown by Sluiter 
(1930) and the 2 G.SH + S~(LS.S.G.-f HaS reaction coum, there¬ 
fore, no longer take place. In a strongly acid or alkaline solution 
the amount of HaS emitted was 'markedly decreased. This sub¬ 
stantiates the observations of Heffter and Hausmann (1904) and 
Sluiter (1930). In the case of the acid solution the liver and muscle 
gave an average value of only 9*32 mgm. HjS-S per (ient. whereas 
practically none was recovered from the strongly alkaline s<dution. 
However, under the experimental conditions, it cannot be concluded 
that 110 reduction took place in the strongly alkaline medium, in 
view of the fact that the H^S formed might have-been completely 
bound by the excess of alkali. Later results seem to give indirect 
testimony to this effect. In the presence of a weak, alkaline solution 
the production of H^S was markedly enhanceci. The average 
increases over the sulphur control were 364*2 and 148*7 mgm. 
HaS-S per cent, for the sodium carbonate and bicarbonate solutions, 
respectively. 

In <)rder to see to what extent the alkali as such was responsible 
for the iiK'Tease in HaS formed, a control was run, simultaneoulsy, 
for each of the various solutions. The results given in Table ll 
show that only the NaHCOa solution, as such, caused an increase 
in the amount of HjS formed. In this case the average amount 
(for liver and muscle) of HjS emitted was only 36*3 mgm. HaS-S 
more than that of the negative (MDntrol. On the other hand when 
sulphur was added the amounts of H 2 S evolved by the sodium 
hydroxide, carbonate and bicarbonate solutions were nil, 462*7 and 
302*0 mg. H 2 S-S per cent, more than those of their respective 
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controls. It is evident, therefore, thah the large amount of HjS 
rendered by the carbonate and bicarbonate solutions, containing 
elementary sulphur, owes its origin chiefly to the sulphur present 
and only to a very small degree to the reducing effect of the salt 
(bicarbonate) upon the tissue itself. Nevertheless, the addition of 
the carbonate and bicarbonate salts increased considerably the 
reduction of elementary sulphur by animal tissues. This is clear 
from the fact that the reduction of elementary sulphur, as such, by 
tissues in the carbonate and bicarbonate solutions exceeded on the 
average the reduction of sulphur by the same tissues in an ordinary 
T.R. solution by 3()4 0 and l()3-3mgm. H3S-S per cent., respectively. 

In order to see to what extent various tissues can also oxidize 
elementary sulphur, the amount of sulphate present in the different 
solutions, after twenty-four hours of incubation, was also determined. 
Two different types of solution w'ere employed, one with weak (()‘b 
per cent, boracic acid) and the other with very strong (0 083 per 
cent, thymol) antiseptic properties. The experimental (‘onditions 
were exactly the same as already described under the determination 
of the reduction of elementary sulphur, except that the solutions with 
the tissues, chemicals, etc., were kept in 400 c.c. Gena glass beakers 
and, during incubation, occasionally stirred with glass lods. The 
negative control solutions, that is, those to which no elementary 
sulphur was added, were always incubated in a separate incubator 
in order to prevent the absorption of any volatile sulphide. After 
incubation the solutions w’ere acidified with HCl, autoclaved and the 
sulphate determined gravimetrically, as BaSO^, by the method as 
described by the author (1936). However, caution should be 
exercised not to ascribe oxidizing properties to tissues that actually 
belong to the antiseptic solutions as such. For that reason blank 
determinations were made of the amount of sulphates formed by the 
various acid and alkaline solutions, to which sulphur was added. 
In all of the solutions, except for the sodium hydroxide 
one, the amounts of sulphates formed were either nil or so small 
that they might be disregarded. How^ever, ajipreciable amounts of 
sulphate were formed in the hydroxide solution. For three different 
determinations values ranging from 0-0368 gm. to 0*0376 gm. w-ith 
an average of 0*0372 gm. BaS04 were obtained. This average value 
had of course to be deducted from the amount of BaS04 precipitated 
in each of the tissue-hydroxide solutions.* 

The data presented in Table III show that he boracic a(dd and 
T.R. solutions gave parallel results. Furthermore, comparison of 
the sulphate values in Table III with those of the HgS in Table I 
reveals a close parallelism between these data. This suggests that 
the oxidation <)f elementary sulphur is preceded by its reduction, 
and that the same factors which influence its reduction will, there¬ 
fore, also show up in its oxidation, in view of the fact that the 
greater the concentration of H^S formed the more of it will be 
available for oxidation and vice versa. For the sake of simplicity 
only the average values of . the various columns will be discussed. 


* The values for sulphate-sulphur given under the tissue-hydroxide columns 
in the tables represent those after the necessary corrections had been made. 
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Table III. 

The Oa^idation of Elementary Sulphur to Sulphate hy Animal Tissues in Weah and very Strong Antiseptics. 

In 0-5 per cent. Boric Acid Solution 
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The addition of sulphur to the tissues resulted in part in its 
being oxidized to sulphate. This is evident from the fact that the 
tissue^sulphur solutions (sulphur controls) yielded 11*0 ingm. more 
sulphate-sulphur per cent, than those (negative controls) to which no 
sulphur was added. Previous boiling of the tissues, however, reduced 
the oxidizing capacity of the tissue-solutions because those contain¬ 
ing tissues so treated only yielded 3*06 mgm. more sulphate-sulphur 
per cent, than the negative controls. In a strongly acid medium this 
oxidizing capacity is completely lost whereas the addition of alkalies, 
on the other hand, greatly enhanced the oxidation of elementary 
sulphur by animal tissues. This is evident from the fact that from 
the sodium hydroxide, carlx)nate and bicarbonate solutions an aver¬ 
age of 177*97, 40*45 and 16*63 mgm. more sulphate-sulphur per 
cent, were recovered than from the sulphur controls. 

In order to see to what extent the alkalies, as such, were respon¬ 
sible for the marked increase in sulphates formed, a control, without 
the addition of sulphur, was run for each solution. The results are 
given in Table IV. 

It is clear, that the addition of any of the alkalies, increased 
the sulphate content of tissues when determined after an incubation 
period of twenty-four hours. On the average for bovine blood and 
liver the sodium hydroxide, carbonate and bicarbonate solutions 
yielded, respectively, 46*9, 6*0 and 7*1 mgm, more sulphate-sulphur 
per cent, than the conirol solutions to which no alkali had been 
added. However, when sulphur was added in addition to the alkalies, 
the average increases in sulphate values, as a result of the sulphur 
as such, that is, the increases over the alkali controls to which no 
sulphur was added, were 243*8, 124*0 and 54.0 mgm. sulphaie- 
sulphur per cent, for the sodium nydroxide, carbonate and bicarbon¬ 
ate solutions, respectively. These values still exceed the average 
net sulphate increase due to sulphur, without the addition of alkali, 
by 226*0, 106*2 and 36*2 mgm. sulphate-sulphur per cent, for the 
respective alkaline solutions from which it is evident that, although 
alkali in itself increases the sulphate content of tissues, it neverthe¬ 
less augments the oxidation of elementary sulphur by animal tissues 
to a marked extent. 

Exactly how the alkali facilitates the oxidation of elementary 
sulphur by tissues is not quite clear. It is evident that its action 
is not secondary to any vital entity in the tissue, in view of the fact 
that some of the studies were carried out on tissues previously 
steamed or dried (see Table III) and always under strictly antiseptic 
conditions. The results suggest, however, that the chief effects of 
the alkali in the oxidation of sulphur are to increase the reduction 
of sulphur by the tissue and the subseq^uent concentration of sulphide 
in the solution; furthermore, it is well known that both sodium and 
hydrogen sulphide are rather unstable in solution and gradually take 
on atmospheric oxygen to form sulphate. It might be, therefore, 
that the sole effect of the alkali was to increase the reduction and 
concentration of sulphide in the solution where it was oxidized either 
quickly by the oxygen or corpuscles, in the case of blood, or slowly 
by atmospheric oxygen, in the case of blood free tissues, ff 
this theory is correct, it sould also follow that the oxidation of a 
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‘‘ constant supply of HjS by an alkaline-tissue solution should be 
the same no matter whether the tissue was fresh, boiled or dried. 
This was found to be actually the case, and demonstrated as follows: 
a ‘‘ constant ’’ stream of HgS was passed for exactly fifteen minutes 
through one of each two samples of fresh, boiled and dried tissue in 
150 c.c. of N/IO (with respect to NajCOa) T.R. solution. The 
HaS-treated solutions were then incubated separately from the 
untreated (control) ones and after an incubation period of twenty- 
four hours, with occasional stirring, the sulphate in each was 
determined as described previously. The difference between the 
sulphate contents of the HaS-treated and untreated solutions con¬ 
stitutes the amount of sulphate formed from the oxidation of 
hydrogen sulphide. The results are given in Table V. 

Table V. 


The Osculation of Hydrogen Sulphide By Animal Tissues in T.R, 
Solution, N/10 ivith respect to Sodi^im Carbonate. 


state of Tissue. 

Tissue. 

Fresh. 

Boiled. 
(30 mins.) 

Dried. 
( 100 ° C.) 

Mgm. SO 4 -S formed from oxidation of 

Beef liver.... 

1*63 

2 - 0 « 

1-79 

H 38 

Beef muscle 

1-61 

l-3l> 

j 1-29 


The similarity of the values obtained with the differently treated 
tissues is striking. For beef liver they varied from 1 08 to 2 00 nigm. 
with an average of 1-83 mgm., and in the case of beef muscle from 
129 to 1*01 mgm. with an average of 1-43 mgm. What is of 
interest is the fact that the amount of sulphate-sulphur recovered 
from three blanks of alkaline (N/10) Thymol-Ringei* solutions 
through which HaS was also passed, etc.,varied from 4*205 to 4*479 
mgm. with an average of 4*30 mgm., w^hich is 103*8 per cent, more 
than the grand average of the liver and muscle values. A probable 
explanation as to why 'the addition of tissues reduced the ca])acity 
of the alkaline solution to oxidize HjS, might be that the formation 
of sodium proteinates reduced the dissociation qf the salt with a 
subsequent reduction in the ])ower of the solution to bind and concen¬ 
trate the volatile sulphide. 

Because of the large amounts of carbonates and buffer salts 
ju'esent in blood where injected (intravenously) sulphur is 
reduced (Heffter 1904) and then readily oxidized (Haggard 1921), 
it was thought of interest to study also the influence of these salts, 
in the absence of tissues, on the oxidation of HaS. This experiment 
was carried out as follours: A ‘‘constant’^ stream of H 3 S was 
passed for exactly fifteen minutes through one of each of two 200 c.c. 
samples of the following solutions: thymol-Ringer solutions with and 
Avithout the addition (to give N/10 solutions) of sodium,hydroxide, 
carbonate and bicarbonate. Similarljr, HgS was passed thiough one 
of each of two samples of the following buffer mixtures, KH 2 PO 4 — 
NaOH (Clark 1922); Na 2 HP 04 —KHaP 04 , and sodium borate and 
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Jf/10 HCl (Sorensen 1909). The pH values of these mixtures are 
7-4, 7*347 and 7 ()21, respectively, all of which approximate closely 
that of blood. The HgS-treated and control solutions were incubated 
separately after which the amounts of sulphate were determined. 


Table VI. 


The Oa^idation of Hydrogen Sulphide to Sulphate in 200 r.c. of 
Various Alkaline and Buffer Solutioris. 

In T,R. Solutions, 


Normality with rospt*.ct to NaOH 
Normality with respect to NayCOj 
Normality with respect to NaHCOg 

Saturated with. 

Mgra. S 04 “S in sample. 



N/10 

_ 


— 

— 

N/10 

— 

--- 

— 

— 

N /10 

— H 28 

— H 28 1 

— H 28 

— 

008 0-71 

005 1-39 

i : 

005 0-8J 

1 1 

0 069 0-74 

1 


/r? Duffer Solutions, 


j 

KHg PO4— NaOH 

Na.4 HPO4— 

Na borate and N/10 


Mixture. 

KH 2 PO 4 Mixture. 

H(‘l Mixture. 

i 

H ion concentration (pH).. ! 

7-4 

! 

7-347 i 

7-621 

8 aturatod with. 

— HgS 

— HgS 

— HgS 

Mgm. 804-8 in sample.... 

0 05 J-.55 

0-15 1-72 

0-19 1-25 


The (lata ])resenio(l in Table VI show that the HgS-treated 
thymol-Ilin8:er solution and those made N/10 with respect to sodium 
hydroxide, carbonate and bicarbonate contained, respectively, 8*87, 
27*8, 1()*2 and 10*72 times as much sulphate as the control solutions 
without the addition of HgS. It is evident, therefore, that the 
oxidation of H 2 S was markedly increased by the alkaline salts added. 
This was most probably accomplished through the formation of the 
non-volatile sodium sulphide* which, like the IlgS, in T.R. solution, 
was slow ly oxidized to sulphate w^hen exposed to atmospheric oxygen. 
For similar reasons the oxidation of HgS in the buffer solutions was 
also greatly increased. The IlaS-treated buffer solutions contained, 
in the order given previously, 31*0, 11*45, and 0*58 times as much 
sulphate as the HjS-free solutions. 

If alkaline salts can exert such far reaching effects on the 
rediiction and subsequent oxidation of elementary sulphur, by tissues 
in vitro^ they should also have the same influence on orally 
administered sulphur, in view* of the fact that sulphur is readily 
reduced by the bacteria and mucosa of the digestive tract in whose 
contents oxygen is normally always i)resent. As a matter of fact, 
it w’Hs observed by the author (1935) that the intestinal contents of 
rats, fed elementary sulphur in addition to a protein-free ration, 
were much richer in sulphates than the (contents of animals fed the 

* That solutions of NaHCO, are capable of binding and concentrating H-S 
as Na^S w^as, according to Pohl (1886-87), demonstrated experimentally by 
Diakonow. 
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same ration without the addition of sulphur. It was sugg’ested at 
that time that the increase in sulphate “ might have been due to a 
more copious flow of intestinal secretions induced by hydrogen 
suli^hide irritation, or to a greater concentration of sulphates in the 
secretion of the sulphur-fed rats, or to both In the light of 

knowledge gained later in an in vitro study, to be presented directly, 
it seems as though this theory is only partly true because the greater 
part of the increase in sulphate Cyontent most probably had its origin 
in the digestive tract through the oxidation of HgS to sulphate. 

The in vitro study was carried out as follows: a gi’oup of twelve 
adult rats were fed ad lib. distilled water and a protein and salt free 
ration con^sisting of dextrinized starch 62, sucrose 20, lard 10, cx)d 
liver oil 2, and agar 6 parts by weight for eight days. They were then 
killed and the contents of the stomach, small intevstine and caecum 
removed. The pooled contents of each section were then divided, 
after samples for moisture determination had been taken, into three 
parts as nearly as possible of the same weight. To one part was 
added elementary sulphur and to another an alkaline salt mixture 
in addition to the sulphur. The salt mixture was a modification of 
Steenbock and Nelson salts 40 (1923) in which the MgSO^THaO was 
replaced by an equivalent amount of MgCOg. After Ihymol-llinger 
solution was added to each part, they were incubated at 37^ for 
twenty-four hours and their sulphate contents determined. The 
results are given in Table VII. 

Table VII. 


The Oxidation of Elementary Sulphvr to Sulphate by the Intestinal 
Contents of Rats^in T.R. Solution. 


Contents, 

Stomach. j 

Small Intestinal. 


Caecal. 


Moisture per cent. 
Weight of fresh 


49-86 



84-89 



87-16 


sample <gm.).. 
No. of c.c. T.R. 

27 

27 

27 

25 

24 

21 

7-5 

8 

8 

solution added 
Per cent. S added 

65 

65 

65 

20 

20 

20 

20 

20 

20 

on basis of dry 
material. ^ 


3-69 

3-69 


4-13 

4-73 


14-56 

14-56 

Percent, salts 40* 






i 




added on basis 
of diy material 

_ 


S17 



11-04 



33-98 

Mgm. S 04 ~S per 










100 gm. dry 




* 






material. 

63-13 

62-52 

76-30 

252-3 

264-2 

287-7 

458-0 

466-9 

547-0 


* The inorganic salt mixture added was a modification of Steenbock and Nelson calts 
40 <1923) in which the MgS 04 * 7 H 20 was replaced by an equivalent amount of MgCO^. 


It will be seen that the addition of sulphur alone to the stomach 
material had no effect on its sulphate content which was probably 
due to the acid nature of the stomach contents. On the other hand 
when 5*2 per cent, of salts were added in addition, the sulphate 
content increased 12*17 mgm. sulphate-sulphur per cent., as 
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compared with that of the control solution. The addition of sulphur 
and sulphur plus salts to the contents of the small intestine iiu reased 
their sulphate values by 11*9 and 35*4 mgm., and w^hen added to 
the caecal contents by 8*9 and 89*0 in^m. sulphate-sulphur per cent, 
respectively, when compared with the sulphate values of their control 
solutions. Furthermore, the parallelism between the amounts of 
salts added and the subsequent increases in sulj)hates formed, as 
compared with those of the sulphur controls, is striking'. The 
amounts of salts added to the contents of the stomach,small intesiine 
and caecum w^ere 5*17, 11-04 and 33*98 per cent., respectively, and 
the subsequent increases in sulphate were 12*78, 23 *f) and 80*1 mj^ni. 
sulphate-sulphur. When the lowest amount of salts added is taken 
as unity, and the two other values are expressed as multiples thereof, 
their relation to each other is as 1 .* 2*1 .* G*G; similarly, the relation 
of the subsequent suljjhate increases is as 1 I 1 *8 ! G*3 to each other 
which shows how closely the oxidation of elementary su]]>hur is 
dependant upon the alkalinity of the medium. The importance, 
therefore, of an excess of base-formiiif^ elements in the diet is evident, 
especially in cases where a lar^j-e amount of IlgS is formed in the 
di^'estive tract, in view of the fact that these elements help to oxidize 
and detoxicate part of the sulphide before it reaches the liver. On 
the other hand, it should be mentioned that alkalies also increase 
the reduction of elementary sulphur which mig-ht largely offset their 
Ixmeficial effects wlien sulphur is im*orporated in the ration. 

DrscussjOiV. 

The experiments described in this paper show that elementary 
sulphur is first reduced to sulphide and subsequently oxidized to 
sulphate by animal tissues in viiro, and that both processes are 
inhibited by acids but enhanced by alkalies and alkaline salts. In 
view of the fact that all protein (SII) containing* tissues can reduce 
elementary sulphur, it is clear that the only other condition necessary 
for its subsequent oxidation is that the tissue be bathed in an alkaline 
(or alkaline buffer) solution which is also rich in oxygen. If the 
oxidizing* and reducing* reactions studied in the laboi'atory are 
analogous to thovse taking place in living organisms, it is evident 
that the essential conditions given above are excellently fulfilled in 
the blood stream. ^Nevertheless, by measuring the II^S content of 
the expired air, it was found by Fm\st (1928) that UgS was formed in 
the blood in amounts approximating the fatal dose after the intra¬ 
venous injection of relatively large amounts of colloidal sulphur, and 
it is probably for that reason that at the present time the injection 
of sulphur either subcutaneously or intramuscularly is more and 
more resorted to. 

When sulphur is injected in this way, it is prol)ably first 
reduced to sulphide, as in the case of blood, then partly oxidized 
and finally, as ihe results of Meyer-Bisch and Basch (1921) seem to 
show, excreted largely as sulphates in the urine. The question now 
arises as to how the oxidation of the sulphide to sulphate is accom¬ 
plished in the organism. Part of it, no doubt, passes into the 
blood stream and is oxidized there whereas some of it is movst probably 
oxidized by the tissue into which it is injected without the aid of 
the blood stream, in view of the fact that hydrogen peroxide is a 
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product of cell activity and that phosphates are present in all cells ’’ 
(Gortner 1929) thereby containing in itself the essential agents for 
the oxidation of sulphide. However, the tissues into which sulphur 
is usually injected are much poorer in oxygen and buffer salts than 
blood, and it is there that one might be able to enhance the oxidation 
and reduction of elementary sulphur by the simultaneous injection 
of alkaline salts. If the enhancing effect of alkaline salts on the 
reduction of sulphur by animal tissues in vitro also holds true for its 
reduction in living organisms, the injection of a colloidal suspension 
of sulphur in an alkaline solution might find special application in 
certain cases of acute poisoning. It is revealed in the literature 
{Kellermann 1935) that colloidal sulphur forms a good antidote for 
coriosive sublimate and cyanide poisoning in view of the formation 
of the less poisonous sulphide and thiocyanate salts, respectively. 
It is evident, therefore, that if the liberation of the labile sulphur 
(sulphide) could be increased and speeded up, it should be possible 
to render a dose of poison, several times the lethal amount, quite 
harmless. If this theory is correcl, it would help to explain why 
Forst (1928) found the administration of siudi a large amount (three 
to four times lethal dose) of HCN harmless when followed up within 
ten to fifteen minutes by the injection of a cvolloidal suspension of 
sulphur in a sodium bicarbonate solution. 


Summary and Conclusions. 

1. IJata are presented on the oxidation^ and reduction of 
elementary sulphur by animal tissues in vitro, and the enhancing 
or otherwise effects of certain chemicals on these reactions are also 
shown. 

t 

2. All protein tissues seem to be capable of reducing sulphur 
to HjjS. Acid (HCl) inhibits this reaction whereas alkalies and 
alkaline salts enhance it. 

3. Similarly, acid inhibits and alkalies and alkaline buffers 
increase the oxidation of reduced sulphur to sulphate. An alkaline 
medium, rich in oxygen; is therefore essential for the oxidation and 
detoxication of HgS. This is readily accomplished in blood where 
these conditions are excellently fulfilled. Nevertheless, all tissues 
in the animal organism should be able to oxidize sulphides, in view* 
of the fact that oxygen (e.g. H 2 O 2 ) and' phosi)hates (buffers) are 
present in all tissues. 

4. The chief, if not the sole, effect of alkali on the oxidation of 
sulphur seems to be to bind and concentrate the reduced sulphur in 
the solution where it is then oxidized to sulphate by the oxygen 
present in the corpuscles, in the case of blood, or by atmospheric 
oxygen, in the case of other tissues. Furthermore, the oxidation 
of sulphur by tissues under laboratory conditions is not influenced 
by enzyme activity, in view of the fact that no difference was found 
in the oxidation of HaS by fresh, boiled or dried tissue suspensions 
in an alkaline (NuaCOa) thymol-Binger solution. As a matter of 
fact the oxidation of HgS also took place with relative ease in alkaline 
!(and buffer) solutions without the presence of tissues. 
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5. Similarly, the reduction of sulphur by animal tissues is not 
due to enzyme activity because the reaction took place in tissues that 
were boiled previous to their incubation with sulphuj* in a very 
strong antiseptic solution. 

(). A close parallelism was found to exist, under laboratoiy 
conditions, between the increases in the oxidation of sulphur and 
(as a result of) the different percentages (on the dry basis) of modified 
Steenbock salts 40 added to the intestinal conlents of the rats fed an 
ash and protein-free ration. This suggests that a diet with an ex(‘ess 
of base-forming elements may be of importance in the oxidation 
and detoxication of sulphides in cases where large amounts of IT 2 S 
are formed in the digestive tract. 

7. The possibility of beneficial effects arising from injecting 
(sub(‘utaneously or intramuscularly) a colloidal suspension of vsulphur 
in an alkaline solution as an antidote in certain cases of acute 
poisoning is discussed. 
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Studies in Sex Physiology, No. 14 . 

The Situation of the Developing Foetus in the 
Uterus of the Live Merino Sheep. 


By 11. 11. Cl'HSOX luid .1. IXLAX, Seciioii ot Suif^eiy und 
(^ inchidii)^* Sox lMiysi()l(jo*\, ( IthIoj s1o])()orl. 


L\ a j)i‘ovions .study (Lnr.soii and (jiiinlan, 1934),. tlio ()])ini()H was 
ex])rosse(l that tho most siiitablo time lo f’ain knowItalf’e (oiicoiiiino* 
tlui situation of tho dovelo])in<»‘ tocdus would he dining* life. Such 
an opportunity |)iosentod itself when sheep D.O.IL 3TTS2 and D.O.IL 
3793,1 'were made available foi* X-ray examination. 

According’ to Aiey (1931) hone he^dns to appear in man alter 
the .seventh week, so the lirst attempt to X-ra\ the devel()|)in^‘ foetus 
was left to the 59111 day (Sheep 37782), hut no foetal skeleton was 
ohsei'ved. Actually centies of o.ssification in the Meiino foetus may 
he seen in the inetacar])al and metatarsal hones as eaily as the 45th 
day. 


While the lateral recumhent jiosition would have suited host 
for photo|];:raphy, it was c(jnsidered that the most reliahle picture 
w^oiild he obtained hy jihotoyrapiling- the uterus transveisely while 
the ewe wars in the standing*' position. In this way uterine displace¬ 
ment was obviated. 

The ewe, duriuj>‘ the taking* (»f the ])hotogi*aphs, was kept on a 
ration low in roughage (a little tetf hay), so as to reduce the trans¬ 
verse diameter of the rumen. In addition J Ih. crushed oats, i Ih. 
crushed maize, and a little green barley per diem was given. Xo 
food or water w as allowed during the 24 hours prior to ])hotographiug. 

The ewe Avas strapped loosely in the standing ])osture to a rotary 
Potter-Buchy dia])hragm. The exposure was as follow’s:—K.Y. 90; 
M.A. 200; time 0-2 seconds; distance 30 inches and siipra-screens 
w^ere used. Longer exposures than 0*2 seconds were unsatisfactory 
owing to the blurring of the negative hy respiratory movements and 
secondary rays. 

Penetration of the contents of the rumen is not easy at such low' 
kilovoltages as wdll not completely penetrate the developing bones. 
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The situation of the foetuses at the various intervals was as 
follows: — 


Eire 37782 (server! 21st Anffust, 1933.) 

Fig. 1 (73 clays). Presentation posterior; position of foetvs 

lumho-iliae. 

Fig. 2 (87 (lays). Presentation anterior; position of foetvs clorso- 
ilio-pul)ic. 

Fig. 3 (107 days). Presentation anterior; position of foetus 

dorso-sarral with lateral eephalic* rotation. 

Fig. 4 (129 days). Presentation posterior; position of foetus 

lumlio-imbie. 

Fig. f) (134 days). Presentation anterior; position of foetus 

(lorso-iliac. 

On the 142iid day (lOth January, 1934), a lani lamb (l).O.B. 
38853) was born. 


Ewe 37931 (sej'ved bih Septcniher, 1933.) 

Fig. G (92 days). Presentation anterior; position of foetus 
dorso-iliac. 

Fig. 7 (114 days). Presentation anterioi^; position of foetus 
dorso-ilio-sacral. 

Fig. 8 (119 days). Presentation posterior; position of foetus 
dorso-ilio-pubk*. 

Fig. 9 (140 days, taken at 9.15 a.in.). Presentation anterior; 
position of foetus dorso-ilio-imbie. 

Fig. 10 (140 days, taken 3 p.ni.). Presentation anterior; 
position of foetus dorso-pubic. 

On the 150th day (2nd February, 1934), the female lamb 
28959 was born. 

It will ba seen at oric’e after studying the above figures that the 
‘‘ defined position ’’ of Franck (quoted by De Bruin) or very 
nearly constant })Osition of Craig did not apjdy to the ewes in ques¬ 
tion. Apart from the alterations of the foetal position the presen¬ 
tation actually changed three times (Ewe 37782) and twice (Ewe 
37931) respectively, as recorded by the X-ray photographs. How 
many times there were alterations in presentation during the intervals 
it is impossible to say There is therefore no doubt but that the 
situation of the foetus varies a great deal. The factors, however, 
underling the regulation of foetal situation are not clearly under¬ 
stood. In the circumstances it is perhaps helpful to compare the 
foetus in utero to a ship at anchor, which moves on the apchor as the 
currents and winds compel. In the foetus, however, tFere is in 
addition some factor which in the final stages brings about cephalic 
presentation. 
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Ihe photographs are reduced approximately to one-sixth of the 
original and details are therefore not as distinct as in the X-ray 
negatives. 

We are much obliged to Mr. T. Meyer for making the prints. 
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Further Observations on the Body Weight and 
Crown-Rump Length of Merino Foetuses. 

B\ A. P. MALAX and 11. H. CUILSOX, Seiiionvs oi Statistics and 
Anatomy, Onderstepoorl. 


In Sex Pliysiolof>y Study Kl ((kirsoii and Malan, 19d5), the eft’ecd ot 
a^e on the weight and C.ll. length of the Merino foetus was consi¬ 
dered, observations lieing based on Id foetuses originally referred to 
in Sex Physiology Study 10 (Foeiiuses d, 10, 19, 22, 27, 33, 30 and 40) 
and Study 12 (Foetuses H, 42, 43, 44 and 45). The C.K. length was 
measured in a straight line, according to the method described' by 
Keiliel and Mall (1910). 

In Study 13 an aj)i)ioximate lelationship bet^^een body weiglit 
and C.R. length was given, this being based on an a])])arent constant 
ratio between the relative increases in weight and the corresponding 
increases in C.R. length. Since, however, only 13 foetuses were 
employed, the estimated relationship was inaccurate due to indivi¬ 
dual variation in foetal growth. In order, therefore, to i])i})iove on 
the position, more extensive data are used for the results wliich no^^ 
appear in this paper. 

The data in quest ion aie obtained from Sex Physiology Studies 
10, 12 and lf)(*). The one series of foetuses (mentioned in Studies 
10 and 12) was obtained from the same flock, Lc. (Lootfontein School 
ot Agriculture, Cape Privince, while the other series (mentioned in 
Study 16) came from Ermelo, Transvaal. These data are tabulated 
below in Tables I and TI. 

♦ See following Study which deals with the effect of ago on the increase in 
surface area. For this a new series of foetuses was obtained. 
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Table I—(T/ie Grootfontein Series). 



1 

Foetus. 

2 

Age. 


3 

Weight. 

(g“-) 

4 

C.R. Length. 
(cm.) 

1. 

H 

Days. Hours. 

30 — 

0*62 

1-6 

2. 

1 

23 

4 

113 

21 

3. 

2 

33 

20 

1*66 

2 3 

4. 

3 

35 

1 

1-93 

2-4 

5. 

4 

36 

23 

1-83 

2-5 

6. 

6 

39 

1 

4 08 

3-5 

7. 

7 

40 

8 

4 13 

3 2 

8. 

8 

42 

16 

2-77 

3 3 

9. 

9 

43 

22 

8 06 

4-1 

10. 

10 

44 

21 

7-81 

3-9 

11. 

11 

46 

6 

13 32 

1 6 1 

12. 

12 

46 

22 

7-87 

4 8 


13 

48 

8 

15 06 

5-3 

14. 

14 

49 

1 

17 58 

5 7 

15. 

15 

49 

23 

24 2 

6-7 

16. 

16 

51 

1 

23 9 

6 7 

17. 

17 

52 

I 

26-6 

7-2 

18. 

18 

53 

— 

27*8 

7 3 

19. 

]9 

55 

4 

36-5 

7-9 

20. 

22 

64 

16 

88 5 

10 5 

21. 

23 

65 

21 

103 0 

11 5 

22. 

24 

66 

18 

120 

n 9 

23. 

25 

68 

15 

152 

12-6 

24. 

26 

70 

17 

178 

13-4 

25. 

27 

72 

13 

. 187 

14 1 

26. 

28 

80 

22 

320 

20 0 

27. 

29 

82 

3 

400 

17-3 

28. 

30 

82 

23 

415 

17-4 

29. 

32 

84 

17 

458 

19-3 

30. 

33 

84* 

19 

414 

18 7 

31. 

34 

86 

20 

355 

16-5 

32. 

36 

96 

18 

959 

23-5 

33. 

37 

100 

16 

988 

23 6 

34. 

38 

101 

15 

943 

22-9 

36. 

39 

102 

18 

1,011 

21 6 

36. 

40 

105 

2 

1,576 

25-5 

37. 

41 

108 

16 

1,217 

23 

38. 

42 

115 

— 

1,490 

26 

39. 

43 

125 

— 

2,810 

33 

40. 

44 

135 

— 

2,780 

35 

41. 

45 

145 

— 

2,790 

36 


Table II —{The Errnelo Series). 



1 

Foetus. 

2 

Age. 1 
(days.) 

3 

Weight. 

(gm.) 

4 

C.R. Length. 
(cm.) 

1. 

36,712 

31 

1 

10 

2. 

35,510 Male 

55 

40 

9-8 

3. 

35,659 „ 

61 

70 6 

110 

4. 

35,592 Female 

64 

82 

12-9 

5. 

33,131 Male 

02 

617 

26 0 

6. 

30,904 „ 

04 

680 

25*0 

7. 

32,960 „ 

107 

1,320 

29-5 

8. 

35,976 „ 

122 

2,230 

82 0 

9. 

45,060 „ 

147-f2 

2,076 

40 

10.. 

45.023 Female 

4- 149 

3.750 

45 
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Chart A, 

Comparison of Itelative Increases in Body Weight and (\L(, Length of the Meiinn Fortus. 
(The straight line i*epre«ients >/ = 0-.36.Sr-f 


A. P. MALAK AND H. H. CtJ»SON, 
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Chart B. 

The Body Weight of the Merino Foetus plotted against its {straight) 
CJi. Length, 

(The continuous line represents u'= 0 - 147?2 7ns,) 











A. P. MALAN AND H. H. CURSON. 


When the natural logarithms of the weights and C.li. lengths 
are taken of all the data contained in Tables I and II, columns 3 
and 4, and the values foi* the weight plotted against the correspond¬ 
ing values for length, a strong linear relationshi]) is observed. This 
relationship is clearly illustrated by Chait A, where the (‘ontinuous 
line re])resents the best fitting straight line. 

The equation of this vstraight line was calculated from the 
logarithinic* values by the method of least squares and is given by: — 

.(/-O-mr4-0-7255,. (1) 

where ,r log^ (weight). 
and length). 

iVs ])oin<ed out in the juevious study (Curson and Malan, I0d5) 
llie linear lelationshii) between the (-oriesponding logarithmic values 
indicates a constant ratio bet^^eell the relative increase in C.ll. length 
and the c.orresjjonding relative increase in br)(l\ weight. Or in otlnu- 
words, that the (Ml. length, in units of actual obstu-vation, is pro- 
pojtional to a ])ower of the body weight. This ])ower index is repie- 
sented by the “ slope ” of the straight line in Cliait A and is equal 
to the coelficient of w in e(juation (1). 

By (jonverting equation (1) unto units of observation the follow¬ 
ing equation, illustrated in (Miart B is obtained: — 

/- 2 * 0 ()() . ^ 2 ) 

where l-^C.R. length in cm., 
and w^hodg weight in gm. 

[It is evident that where in the above equations (1) and (2) the 
(^.11. length measurements are expressed as a function of the body 
weight values, the converse, i.e. expressing weight as a function of 
C.TI. length is equally possible. The coires])onding equations are: — 


.r-2-7592/-1-934 . (1)^ 

and a--0-I47 . (2)^] 


On the assumption of a linear relationship between the natural 
logarithmic values of weight and (Ml. length it is clear that this 
relationship is uniquely determined by one point on the straight line 
((3iart A) and its slope. But to determine the accuracy, or standaid 
error of the C.ll. length, given by equation (1) for any particular 
natural logarithmic value of the body weight, one further assumption 
made in the calculation of this equation, must be ado])ted, i.e. the 
logarithmic values of all C.TI. lengths during the gestation period 
had to be assumed as “ equally variable This arsum])tion also 
seems warranted by the data represented on C^hart A. 

When the deviation of a particular C.B. length from the corres¬ 
ponding e/vperted value on the straight line given by equation (I) is 
(considered, it has a standard deviation of which the estimate is 
±0-0959. ThevSe deviations, however, are differern^-es between 
logarithmic values, and expressed in units of actual observation the 
above value is a ratio and should be internreted as a standard devia¬ 
tion of 9*59 per cent, of the eurpected value. 
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Chart C. (Grootfontein Series.) 

The Body Weight of the Merino Foetus plotted against its (straight) 
C,B, Length, 

(The dotted line represents i<?=013oZ 
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The fact that the above estimate ot the standard deviation is a 
constant percentage of the expected value, or in other v\ords, that the 
standard deviation from the expected value expressed in units of 
observation is directly proportional to the corresponding expected 
value, is contained in the assumption made that the logarithmic 
values (of C.lt. length and body weight) are eciually variable. 

[Taking the body weight as the dependent and C.R length as 
the independent variable and hence using equations (1)* and (2)^ to 
estimate the standard deviation of an observed value for body weight, 
±2()*d() per cent is found.] 

It is now j)roposed to briefly deal with the “ slope " of the 
straight line which is given by the coefficient of the independent 
variable in equation (1) and also by the power index in equation (2). 
The standard erroi* of the statistic is ±0 0()r):]28 and it is therefore 
vnlikety^ to obtain an estimate from a correspond mg series of foetuses 
which will not fall between -f 0-350 and -h 0*377. 

For tlie sake of comparison the data contained in Tables 1 and II 
were taken separately. The parabolic equations obtained from these 
series, together with the observed data, are gra})hically represented 
by Charts C and II. The equation for the Grootfontein series 


((^lart C) is: — 

Z=.2 07 (or 7/’ = 0*135 . (3) 

and that for the Ermelo series (Chait D) is: — 

/-.2*23 (or ?r-0-]24 Z-*^«). (4) 

Where as before, 

w^hody iceight in gm. 
and l = length in cm. 


Taulk III.—(See Sex Physiology Study 13). 


1 

Foetus. 

2 

Ajy;o. 1 

(days.) 

3 

Weight. 

4 

Curved C.ll. 
Length (um.). 
(observed.) 

5 

Curved C.R. 
Length (cm.), 
(expected.) 

H. 

30 

0-62 

1-7 

1-9 

3. 

36 

1-9 

2-5 

2-8 

10. 

45 

7-8 

6 0 

4-9 

19. 

55 

36*6 

9 3 

8-7 

22. 

65 

88-4 

12 0 

12-2 

27. 

73 

187 

17 5 

16-3 

33. 

85 

414 

22-8 

22 1 

36. 

97 

969 

27-3 

30-3 

40. 

105 

1,676 

34 0 

36-8 

42. 

116 

1,490 

37-5 

35-9 

43. 

126 

2,810 

43-8 

45-8 

44. 

136 

2,780 

45-3 

46-6 

46. 

146 

2,790 

47-6 

46-7 


t Note that unlikely refers to a probability less than 1 per cent. 

245 



















Weight in gms. 
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Chart D. (Ermelo Series.) 

The Body Weight of the Merino Foetus plotted against its (straight) 
CJt. Length, 

(Dotted line represents 



C.R. Length in cm. • 
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Ah it was felt tliat tlie C.lt. leiij»‘tli men sure iDents f ^iveii iu the 
above tables and taken as indicated by Keihel and Mall (1910)], 
de])end largely on the })ostiire of the foetus, it was considered pos¬ 
sible that a more reliable C.li. length might be obtained by 
measuring alotuf the hach instead of taking a straight line from the 
Clown to the rump. Observations of the modified O.li, length were 
accordingly niade, and the thirteen foetuses dealt with in Sex 
Physiology, No. Id (Curson and Malan, J9do) uere again measuied, 
this time along the back and ihe results tabulated in Table IIJ. 

The relationship between the weight and curved ” (Ml. lengtli 
is given by the following equation: — 

/ -2-214 m .(5) 

0H4RT E. 


Tha liinhj Wf'Hjht of the Aferiiio Foetus phfited nqainst Us (cm red) 
CM. Length. 

(Dotted line represents 
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The discrepancies between the observed and expected C.Il. 
lengths (Table III) are shown by the points on Chart E, joined by 
continuous and dotted lines, respectively. Comparing the results 
obtained here with those in Sex Physiology Study 13, Chart D, the 
fit ” does not appear to be improved. The daia are Low^ever too 
few for a definite conclusion. 

It is striking how little iiiforiuation is available regarding C.E. 
lengths. Needham (1931), in the appendix, giving the normal mag¬ 
nitudes in embryonic growth, gives (Vol. Ill, pp. 1()()9-16T8), merely 
the length (except in Table 18 where 0.1{. length is stated). That 
this factor should receive more attention and definite details indi¬ 
cated is exemplified in the striking ditferemjes to be noted in the 
length of certain measurements by (lalpin (1935) and (Jurson and 
Quinlan (1934). The values given by (lalpin appear to correspond 
with the curved C.P. length measurements of Table III, column 4. 
A cx)mparative table is given herennder: — 


Table IV. 


Age. 

(Days.) 

1 

Massey 

Agricultural 

College. 

Onderst 

Straight 

C.K. Ixjngth. j 

epoort. 

‘ Curved ’ 

C.R. Ticngth. 

42.. 

6 cm. 

3'3 


43. 

_ 

— 

6 

55. 

— 

• — 

11 

56. 

11 

8 -4 (twins) 

— 

64. 

14 

10-6 

— 

66. 

— 

— 

! 

68. 

15 

12-6 

— 

72. 

19-20 

141 

— 


— 

— 

17-6 

83. 

22-23 

18*6 (twins) 

— 

85. 


— 

22-8 


Summary. 

1. The relationship between C.R. length and weight of two 
series of foetuses from Groottontein School of Agriculture, Cape 
Province, and Ermelo, Transvaal, is considered. The results given 
below are clearly illustrated by the charts in the text. 

(a) To series combined:—Z~2‘066 (i/?== 0*145 

(b) Grootfontein series:—^?==2*07 (wsssO-135 Z***®). 

(c) Ermelo series;—Z = 2*228 n?®**®® (r?=:=0*124 Z**’'®). 

^ 2. The thirteen foetuses used in Sex Physiology Study No. 13, 
which is part of the Grootfontein series, were employed to determine 
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a relationshii) between weight and C.ll. length along the cuivatiire 
of the back. The result is ilhistraled by Chart E. The equations 
for the relationships under discussion are: — 

(a) Straight CMC length: — 

Z^l-97 (?r-0-15'4 P 

{h) Curved C.IC length: — 

1 -2-214 {w -0-ld4 Z-*"®). 

d. It is siiggesied that for uniformity more attention be i)aid 
towards ado])ting a definite length measurement as a standard for 
studies in foetal growth. 
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Surface Area in the Foetus of the Merino Sheep. 


]iy A. P. MATiAiV and TI. H. C'UHSOX, Sections of Statistics and 
Anatomy, Onderste])oort. 


Introdvc nox. 

In reality this study is a continuation of Study Id ((^irson and 
Malan) where the eitect of a<»e was studied in relation to (a) general 
hody form, (h) body w^eis^ht, and (c) O.lt. length. As the foetuses 
in (luestioii w'ere required for the further investif>ation of the external 
body form, anothei* series of foetuses has been obtained throu^li tli(» 
kindness of Dr. L. L. Koux, M.Sc., of Ermelo, for this observation. 

Neither Needham (P)dl) mu' TTammond (19d^) has any informa¬ 
tion bearing directly on the subject. 

As the ordinary method of removing tlie skin and calculating its 
area on a measuring table w^as obviously unsatisfactory, we adopted 
the suggestion of Mr. F. E. H. Appleton of Onderstepoort. This 
consisted in dipping the foetus in a eelloidin solution, allowing the 
material to dry, removal of the eelloidin coat and then measuring 
this. In this way was obviated the stretching of the skin wdiicli 
w^ould nullify the results obtained. 

In Foetuses 32969 (107 days) and 35976 (122 days) and Lamb 
45060 (two days plus gestation period 147 days), since the hairy coat 
was well established, no attempt was made to remove separately the 
adhering eelloidin coat, which in any case, prevented stretching of 
the skin during removal. 
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The data obtained from the ten foetuses are tabulated thus: — 


Table I. 


1 

Lamb. 

2 

Age. 

(Days.) 

3 

(UJ) 

Weight. 

(g“-) 

4 

(1) 

C.R. jjength. 
(cm.) 

5 

(a)(2) 

Surface Area, 
(sq. cm.) 
(Observed.) 

6 

(2) 

Surface Area. 

(sq. cm.) 
(Expected.) 

No number. 

± 28 



3 ] 

_ 

35712. 

31 

1 

1*9 

3 5 

3 6 

38510. 1 

55 

40 

9*8 1 

58 

58*3 

35659. 1 

61 

70-6 

11*0 i 

90 

90*9 

36592. 

64 

82 

12*9 

98 

101*6 

33131. 

92 

617 1 

25 0 

440 

485 

39904. 

94 

680 

25 0 

522 

524 

32969. 

107 

1,320 

29*5 

854 

875 

35976. 

122 

2,230 

32 0 

1,275 

1,314 

45060. 

147 + 2 

2,975 

40 0(1) 

1,920 

1,644 

45023. 

± 149 

3,750 

45 0 

2,100 

1,992 


(1) Height at withers on second clay was 34*5 cm. 

(2) The legs below^ the carpus and tarsus were not taken into consideration. 


Discussion. 

We shall deal now with the efteel of age on (a) the increase in 
surface area and (h) the relation between surface area and body 
W’-eight. t 

(a) The Effect of Atfc on the Increase in Snrfaee Aren. 

The information available concerning skin area al different ages 
is contained in columns 5 and 2 re8])ectively in Table [. These 
particulars are diagraniatically shown in Chart A, where surface 
area is plotted against age and the various points joined by a series 
of straight lines. 

AvS in other features of prenatal growth, e.g. body weight and 
C.lt. length, the increase in surface area with age is exceedingly 
slow during early pregnancy, but increased rapidly with advancing 
age. This acceleration in the growth rate has its maximum in the 
beginning of the gestation period and decreases to a negligible value 
towards the end. 

The average rate of increase in surface area for the whole 
prenatal period was approximately 13 sq. cm. per diem. How^ this 
rate of increase, however, varies with age is shown in Chart A, and 
also if one arbitrarily divides the gestation period into three stages of 
about fifty days each. The growth rates in surface area during these 
successive intervals are approximately 1 sq. cm. per diem^ 15 sq. era. 
per diem, and 25 sq. cm. per diem respectively. It is also oovious 
that the total increase during the first half of pregnancy is very 
little in comparison with that during the second half, 

252 















A. P. MALAN AND H. H. CUllSON. 


Chart A, 

The Increase of the Skin Area of the Merino Foetus. 



Afte (<li»y«). 


The surface area is found to double itself during the last forty 
days of the gestation period, and the skin area of the mature Merino 
sheep (Lines and Pierce) is approximately five and a half times that 
of the new born lamb. (The body weight also doubles itself during 
the last forty days of the gestation period, hut the mature weight 
is approximately tw’elve times the birth w^eight.) 
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Chart B. 

The Growth in Body,Weight of the Merino Foetus. 



















Loge [Weight (grams).] - 


A. P. MALAN AND H. H, CXTHSON. 


(b) The Effect of Age on the Relation between Surface Area and 

Body Weight, 

For the sake of ('omparisoii with Chait A (which illustrates the 
increase of surface area with advanciti^- a^e), Chart B has been 
prepared to show the «Towili in body weij^ht for the same series of 
foetuses. There is a remarkable resemblance lietween the two Graphs 
exce])t for a less marked increase of laxly w'eif>ht during the first 
lialf of i)regnafu‘y and a more pronf)unced growth in weight during 
the second half. This indicates the relatively greater acceleration 
of the growth in body weight. 

A better ])icture, however, of thea(tual relationshi]) is i'urnislied 
by Chart C where log^ (weight) is ])lotted against log,, (surface area) 
as tabulated below . 


Cnviti C. 

The Jfeinfnni hefireen the Relative Oioirfhs in ]Veighf and SJcin Aren 
for the Merino Foetus. 

(Dotted lirx'• r= 11-.ViO.) 
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Table II {Logarithmic values). 


Lamb. 

Loge (C.R. Length). 

Log, (Wwght). 

I^oge (Skin Area). 



X 

y 

No number. 

_ 

_ 

1-1314 

35721. 

0-6419 

— . 

1-2528 

38510. 

2-2824 

3-6888 

4-0604 

36669. 

2 3979 

4 2627 

4-4427 

35592. 

2-5649 

4-4067 

4-5850 

33131. 

3-2189 

6-4249 

6-0868 

39904. 

3-2189 

6*5221 

6-2558 

32969. 

3 3843 

7-1854 

6-7499 

35976. 

3-4657 

7-7098 

7-1507 

45060. 

3-6888 

7-9980 

7 5596 

45023. 

3-8067 

8 2295 1 

7-6497 


The strong linear relationship between the logarithmic values is 
clearly shown by Chart C. This apparent linearity suggestvs a <*on- 
stant ratio between the relative increases in surface area and those 

in body M-eiKht. (%,«») = ” ^ ^ ^ W. 

Therefore for a constant relationship between these relative increases, 
a straight line is to follow when the natural logarithms of the weight 
are plotted against the natural logarithms of the corresponding skin 
areas. } The best fitting straight line to these logarithmic values 
was obtained by the method of least squares and is shown on Chart C 
by the dotted line, its equation being: — 

//;-l-284?/-l-58() or 3 ^- 0 • 778,/? +1 • 200 .... (1) 
where x — log^ {weight) and 

y— log^ {area) as showm in Table II, 

When in the above equations the logarithmic values are trans¬ 
formed into units of actual observation the following parabolic 
relationships are obtained : — 

i/; = 0-217«'*=«" or //.=3*320/r‘^-^^«.(2) 

W'here w=^body weight in gm. and 
a surface area in sq. cm. 

This relationship is shown by the dotted line on Chart D. The 
points joined by a series of continuous straight lines represent the 
observed values for body w^eight and surface area, as given in 
columns 3 and 6 of Table I, while the expected surface areas for the 
corresponding observed weights are calculated from the above 
relationship (2) and given in column 6 of Table I. These “ expected 
values are in fair agreement with those observed. Although the 
obvious discrepancy of the second last point in chart D is, when 
expressed as a percentage, not unduly great, some explanation may 
be given. ^ Lamb 46060 was measured two days after birth and the 
fact that it was rather thin explains the relatively low weight in 
nhtinparison with skin area. 
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Chari D 

The Itelation betuent JitMhhweighf and Sitrfate-ana of fhe Merino-foetus. 
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In various publications on basic metabolism of sheep {e.g. Lines* 
and Pierce, 1931), different values for the constants in the above* 
relationship (2) are given.* A fairly exhaustive review of the 
literature on the subject is given by llrody (1934) in the Annual 
Review of Biochermstry, The power index in the paralx)lic relation¬ 
ship between surface area and weight is. | according to Meeh, whose 
value is most frequently adopted. Brody, however, suggests 0*70’ 
which is still rather lower than the \"alue for the prenatal stage as. 
shown above. 

Although the number of foetuses for w^hic h data concerning both 
W’eight and skin area exist is only ten, the value for the index is 
given by the present method of calculation as 0*778 + 0'0104. This* 
value may therefore not be expected for 1 per cent, probability from 
an actual value which lies outside the limits 0*75 and 0*81. It is,, 
hoAvever, suggested that this value may vary from breed to breed and 
even differ slightly for different flocks of the same breed. 

Another point for consideration was the relalionshij) between 
surface area and C.ll. length and the relationship botw^een surface- 
area and both w^eight and C.U. length. Since, however, surface 
area w^as more accurately expressed in terms of body w^eight than in 
terms of C.K. length, and furthermore since the remaining variance 
in surface area w^hich was not expressed in terms of body weight wuls 
of the same order as the accuracy of observation, the inclusion of 
C.R. length in the ju’esent case serves no useful ])\ir])ose. 

SUMMAIIY, 

The increase in surface area of the Merino foetus is discussed. 

The relationship betw^een* surface area and body weight, as 
estimated from the present series of foetuses is expressed by the 
equation « = 3*320 

Several charts are given to illustrate the features described. 
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ADDENDUM. 

In addition to the observations presented and discussed in the 
preceding? article the following information is now available: — 

Table. 


Foetus of Ewe. 

Age of 
Foetus 
(dayH). 

(w) 

Weight 
in gm. 

(1) 

C.H.length 
(cm.). 

Surface are 

Observed. 

a (sq. cm.). 

Expected. 

44803. 

33 

1-25 

24 

4-4 

4-6 

44849. 

60 

44-5 

10-5 

79 

71 

15337. 

90 

5:io 

24 

451 

472 

,35821. 

121 

2170 i 

36 

i:i53 

1387 

44397. 

145 

3300 1 

37 

19.30 

1911 


The (lata given in the above table should be com})ared with 
Talde 1 in the text. (The straight C.K. length is included merely 
for the sake of <*ompleteness.) ^ 

The “ expected ’’ values for the surface area in the last column 
of the above table are calculated from the following equations. 

//- 0-7(io.r + l dr)8 (.r-l-307?/1-771), 

where (surface area), 

and log^. (body weight). 

These equations are obtained by- fitting straight lines to the data 
in the third and oth columns. 

When these equations are transformed to units of actual obser¬ 
vation the following parabolic equations are obtained: — 

«--3-889 (^r - 0-170 

w here a ~ surface area in sq. cm. 

ir =1)0(1 ij ivcif/ht in gm. 

The agreement between the observed and expected values is 
obvious. 

The numerical coefficients in the above equations are by no 
means significantly different from those given in the text. Therefore, 
m order to obtain more reliable estimates of these coefficients all the 
relevant data given in both Table I (already referred to) and the 
above table were taken together. The resulting parabolic equations 
are: — 

(and w==0 im 
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Studies in Sex Physiology, No. 17 . 


The Extent of the Gravid Merino Uterus in 
Relation to the Vertebral Column in the 
Dorsal Recumbent Position and the Weights 
of the Gravid Uterus and Foetus in Relation 
to the General Body Weight. 


By IT. II. CUBSO^SI and A. P. MALAN, Sections of Statistics and 
Anatomy, Onderstepoort. 


Introduction. 

The ohservalions made in connection with the relationship of the 
«iavid uterus to the vertebral column are of academic interest, in 
that durinp’ life the uterus, which occupies a ventral abdominal posi¬ 
tion is separated from the vertebral column l)y the stomach and 
intestines It is nevertheless instructive to note the iiicieasin^ area 
covered ’'(*) by the uterus of the various intervals of pre<?nancy, 
particularly the cranial limit of the developing: oroan. 

Of p'reater interest is the ratio not only between the weight of 
the gfravid uterus to the general body weight (minus the weight of 
the unopened uterus); but also the relationship between the foetal 
weight and the general body weight of the mother (also minus the 
weight of the unopened uterus). 

Literature. 

Works on obstetrics, e.g, Craig (1930) and Wyman (1901), 
naturally refer to the usual relations of the enlarging uterus. Craig 
(p. 104)‘states that “ in ruminants the gravid uterus, passes into the 
abdomen and extends between the right sac of the rumen and the 
abdominal wall Wyman adds (p. 7) that ‘‘ the anterior free end 
not supported by the broad ligaments is covered by the great 
omentum 


^ i.e. When the ewe is in the dorsal recumbent position. 
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The photographs aeoompanying our Study unfortunately 
illustrate only the increase of size of the uterus in relation to the 
lumbar and thoracic vertebrae. Hammond (19J12), while not con¬ 
cerned with the position of the uterus in the abdominal cavity, gives 
useful information regarding the lumbar region of sheep. He indi¬ 
cates {a) in Table LVll (p. 216) that the lumbar formula of his 
animals was usually 6, and mentions (6) that “ the variability which 
exists in the lumbar and also of the thoracic vertebrae . . . shows the 
possibility of increasing the comparative length of this part by 
selection He adds (c) that it appears probable . . . that the 
seat of greatest post-natal growth occurred at the end of the thoracic 
and beginning of the lumbar region’’. Nathusius (quoted by 
Hammond, p. 219) states that the actual length of the lumbar region 
is independent of the number of lumbar veitebrae, but as Hammond 
points out, he does not give the relative length of lumbar region to 
other parts in the sheep under consideration. 

In regard to growth in foetal weight there is but little infor¬ 
mation available. In fact, Needham (1931) states that “ Colin is 
the only investigator who has ever determined ” this factor. The 
figure he reproducevS (Fig. 39, p. 379, Vol. 1) shows the weight as 
a percentage of the system occupied by the embryo, foetal mem¬ 
branes and foetal fluids and not as a percentage of the weight of 
the ewe. 


Ouu Observations. 

{a) Sisson (1917, p. 156) gives the vertebral formula of the 
sheep as C7, T13, L6-7, S4 and Cy 16-18, but our experience witli 
the Merino shows that L 7 is more common than L6. Also in the 
adult, owing to the practice of docking lambs, the number of coccy¬ 
geal segments remaining is less than half the normal number. 

The details bearing on the relationship referred to in the title 
are summarised in Table I. 

The inc'rease in volume of the uterus may be judged by perusal 
of Figs. 1, 3, 5, 8, 11, and 13; but it may be added that whereas 
the greatest depth of the non-gravid uterus is approximately 3 cm., 
and 10 cm. after one month’s pregnancy, this figure has increased 
to 15 cm. at full term. 

It must be emphasised that the body of the uterus is exceedingly 
short (alwut 2-3 cm.) but owing to the posterior part of the horns 
being united by connective tissue and having a common peritoneal 
lining, a false idea may be obtained as to the extent of the body. 

(fe) From columns (2) and (4) have been calculated the per¬ 
centage weight of the intact or gravid uterus to the general body 
weight. 

The weights of the unopened uterus, expressed as a percentage 
of the weight of the ewe (less weight of unopened uterus) [Table I, 
column (6)], are represented graphically on the accompanying chart. 
It is to be noted that the values in Table I, columns (4) and (6), 
marked with an asterisk, are approximately double the value to be 
expected from a comparison of the whole series, 
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Table I. 


(1) 

Number 

of 

ewe. 

(2) 

Live 

weight 

of 

ewe. 

(Kg.) 

(3) 

Stage of 
gesta¬ 
tion. 
(Days.) 

(4) 

Weight 
of un¬ 
opened 
uterus 
(Gm.) 
(”) 

(5) 

Weight 
of ewe 
loss 
weight 
of 

uterus 

un¬ 

opened. 

(Kp.) 

(6) 

Weight 
of un¬ 
opened 
uterus 
as a per¬ 
centage 
of the 
weight 
of the 
ewe (^'^). 
(%) 

(7) 

Weight 
of foetus 
as a per¬ 
centage 
of the 
weight 
of the 
ewe(”^). 
(%) 

(8) 

Number 

of 

lumbar 

verte¬ 

brae. 

(9) 

Pre- 

sacral 

verte¬ 

brae 

‘covered’ 

by 

uterus. 

38584. 

38-50 

Non - 
gravid 

158 


— 



2 (see 
fig. 2). 

25924. 

38-56 

3 

163 

.38-.39 

0 4 

0 00 

i 

1 7 

2 (see 
fig. 4). 

35712. 

27-44 

31 

165 

27-82 

0 6 

0 00 


2 

38510. 

38-78 

55 

870 

37 91 

2 3 

: on 

1 

! _ 

— 

35659. 

34 13 

61 

2,000* 

32 13 

6-2* 

1 0-22 

6 

7 (see 
fig. 6). 

3r>5i)2. 

31 75 

64 

1,440* 

29 93 

4-8* 

1 0 27 

1 

7 

j 

7 (see 

fig. 7). 

33131. 

33 57 

92 

2,090 

31 47 

6 6 

1 1 96 

1 7 

11 (see 
fig. 9). 

39904. 

39 46 

94 

2,1.55 

37 31 

5 8 

j 1 82 

1 7 

1 

9j (see 
fig. 10). 

32969. 

38 10 

107 

2,982 

35 12 

8-5 

j 3-76 


— 

35976. 

35 38 

122 

3,380 

32-00 

10 6 

1 6-97 

i 

! 7 

12 (see 
fig. 12). 

45023. 

42 86 

±149 

.3,700 

37 16 

15 3 

1 10 09 

i 

7 

12 


(”) This includes vulva vagina, fallopian tubes and ovaries. In Study 12, column 4, 
the heading obviously should read “ Approximate total weight of unopened uterus.” There 
the weight included the oviducts and ovaries. 

Less weight of unopened or gravid uteru-?. 


From earlier observations (Sex IMiysiology, Study 10) it appears 
that the weight of the unopened uterus (Ewe 180) at a gestation age 
of (54 days is 1,000 gm./ in whitdi ease the weight of the unopened 
uterus is approximately 3 25 per rent, of the weight of the ewe. 
This value, 3*25 per rent., is also shown on the chart by a square 
dot and evidently lies very near the expeeted value. 

Ignoring the values for (51 and 64 days, given in Table I, 
eolumn (6) and marked with an asterisk, a smooth cuirve has been 
drawn through the data, its equation being: — 

?y-0 00131 

where — gestation period in days, 

inn of 'unopened viertts, 

^ weight of the ewe-wt, of the vnopem 1 uterus. 

* Subsequently (8.2.36) ewe 30169 was killed on 61st day of pregnancy and 
the weight of the unopened uterus was 1,192 gm. 
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Chakt 1. 


Weight of (a) the unopened uterus and (6) the foetus as a precentage 
of the weight of the ewe. 



The weight of the foetus, expressed as a percentage of the ewe 
weight [Table I column (7)] is also represented on the chart. These 
points are joined by a series of straight lines. It is to be observed 
that the foetus weights for 61 and 64 days show no such irregularity 
as was observed in the w^eights of the unopened uterus. This 
strengthens the conclusion that the discrepancies mentioned are more 
likely due to an error than to individual variation. 

Summary. 

The increasing extent of the gravid uterus is well illustrated in 
the Figs. 1, 3, 5, 8, 11, and 13, and the relationship [see column (9) 
of Table I] to the vertebral axis in Figs. 2, 4, 6, 7, 9, 10 and 12. 

The w’eights of the unopened uterus and of the foetus alone are 
expressed as percentages of the ewe weight (minus unopened uterus). 
Details are set down in columns (6) and (7) of Table I and a dia- 
giammatie representation is given in the chart. 
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ADDENDUM. 

Further to the elated recorded <^bove, subsequent oliservations 
have been made as follows: — 

{(i) The extent of the vertebral axis ‘‘ covered by the gravid 
uterus (the ewe being in the dorsal recumbent position) at the various 
stages of pregnancy is shown in the following tabulated summary: — 


stage of Presacrnl certebrae 

X(f. of Kice. OeMaiion. “ covered ” by utenis 

3.5894. 32 days 4 

44803. 33 ., 4 

45082. 60 6 

44849. 60 6 

15:m. 90 „ 11 

21665. 90 „ 9 

44679. 121 „ 14 

38521. 121 14 

44:197.‘. 145 ,. 43 

.30514. 146 „ 14 


In these observations, as in the former series, the cranial limit 
ot the uterus was determined after the stomach and intestines luul 
been removed. Obviously if determined before removal of the vis¬ 
cera, the cranial limit in advanced pregnancies would not have been 
so far anterior owing to the influence of the interposing oigans. 

As would be expected-there is a general agreement between the 
obcervations recorded here and in the former scries. 

(6^ In regard to the relationship between the (i) gravid uterus 
and (ii) foetus, and the ew^e weight less weight ot gravid uterus ex¬ 
pressed as a percentage, the additional data, i,c, obtained from the 
ew^es above, w-ill be included in a further discussion on the subject 
in Sex Physiology Study 18. 
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Fig 1.—Ewe 38548, non-pregnant Vential view ot uteius. 
(±i of oiiginal.) 



Fig 2.*--nBony pelvis of Ewe 38548, non-pregnant. 
The uterus extends ovei 2 presaeral vertebrae. 
(±i of original.) 
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Fig 3—Ewe 25924, pregnant 31 da>s Ventral 
Me>\ ot gravid uterus, right Jioin piegiiaiiL. 
(±i oi oiiginal ) 



Pig. 4 —Ewe 25924. The 31 days» pregnant utei us 
extends over 2 presacial \ertebrae. (±i of oiiginal.) 
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Fig. 6, Fig. 7. 


Fig. 6.—Ewe 35659. The 61 days pregnant uterus 
extends over 7 presacral vertebrae. (±1 of original.) 

Fig. 7.—Ewe 35592. The 2 months (64 days) 
pregnant uterus extends over 7 presarral vertebrae. 
(±i of original.) 
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Fig. 8.—Ewe 33131, pregnant 92 days. Ventral 
view of gravid uterus, right horn pregnant. (±1 of 
original.) 
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Fig. 9. Fig. 10. 

Fig. 9.—Ewe 33131. The 92 days pregnant uterus 
extends over 11 presacral vertebrae. (±-1 of original.) 

Fig. 10.—Kwe 39904, The 3 months pregnant 
uterus extends over 94 presacral vertebrae. (±1 of 
original.) 
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Fig. 11.—Ewe 35976, pregnant 122 clay$. 
Ventral view of gravid uterus, left horn procnant. 
{±i of original.) 
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Fig. 12.—Ewe 35976. The four months pregnant 
uterus extends over J2 presacral vertebrae. ( + i of 
original.) 
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A Contribution to the Study of the Pathology 
of Oesophagostomiasis in Sheep. 


By P. J. J. FOITBIE, Sections of Hyj>‘iene and Pathology 

Onderstepoort. 


INTRODUCTION. 

OKsopifACOs'JOMtASis is pei’haps the most serious parasitic disease of 
sheej) in the Union of vSouth Africa at the present time. A true 
nnderstanding of the lesions produced hy these ])arasites and 
especially a clear conception of the pathogenesis of the lesions may 
assist in evolving simple and efficient measures of control of the 
parasite, which is making sheep farming very difficult in many ])arts 
of the Union. 

Weinberg (1909) gives a detailed microscopic description of 
twenty-three cases of oesophagostomiasis in various species of apes. 
The lesions of these apes infested with different species of oesophagos- 
tomum are all essentially the same. The author believes that the 
larvae reach the tissues of the intestinal wall through the blood 
stream. They rupture the blood vessel and cause a haemorrhagic 
nodule, (\vsts were never seen in the small intestine, most of them 
are present in the submucosa, some are in the muscular layers and 
others are rarely found siibperitoneally. From the photomicrographs 
the cysts described are mostly older nodules and would not, 
stri(;tly speaking, conform to what can be regarded as young cysts 
which form when the larvae penetrate the mucous membrane in the 
first instance. He never found larvae in the walls of the intestine, 
but the adult stage only. Sometimes ruptured cysts becxmie infected 
with bacteria fi'om the intestinal flora and ulceration resulted. Xo 
worm nodules were found in other organs of the body. Those 
monkevs having large numbers of adult worms in the large intestine 
had diarrhoea. The author believes that substances secreted by the 
worms were not responsible for death. He believes death to be due 
to a septicaemia, although he could not cultivate any bacteria from 
the blood, but he states that the organisms ])robably did not grow 
on the media used. He found an adult female worm and a number 
of eggs in the morula stage in a nodule. In direct communication 
w’ith this nodule was another, which possibly held a male worm 
which could have fertilised the female, before leaving its own nodule 
for the intestinal lumen. 

Walferston Thomas (1910) describes what, according to him, 
is the second recorded case of oesophagostomiasis in the human 
subject, the first being described by Brumpt in 1905, quoted by him. 
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He has never seen a c.yst above the level of the nmscularis mucosae. 
This is interpreted to mean in the mucosa proper. He desci ibes cysis 
in the submucosa and external muscular coat. The cyst (‘onsists of 
the worm and red cells in varying states of disintegration. 
Eosinoj)hiles, neutrophiles and mono-nuclear cells are present in 
varying numbers in different cysts. Giant cells are also described, 
and in some cases there is calcification. 

Hall (1920) in a popular arti(‘le on parasites and parasitic 
diseases of sheep, mentions the presence of cysts in which the para¬ 
sites may be present. These cysts contain necrotic material, yellowish 
or greenish in colour, and may be of a caseous or calcareous nature. 
Larvae wdiich migrate to the mesenteric lymphatic glands, the 
omentum and the liver, x^iobably die there and never get back to 
the intestine to complete their development. In severe cases there 
is emaciation and diarrhoea. He ascribes the bad effects jiroduced 
by the worms to: (1) large portions of the intestinal mucous mem¬ 
brane are rendered fiinct ionlcvss by the lesions jiroduced therein by 
the ])arasites; (2) absorption of toxic substances from the worms 
themselves and from necrotic material from lesions j)rodu(‘ed by the 
i:)arasites. 

Theiler (1921) describes the iK)sl-mortem a])pearaii(‘e.N of oesopha- 
gostomiasis in sheep as those of a inonounced anaemia. h\draemia 
and serous atrophy of fat. Jsodules are present in the sniall and the 
large intestine. These he classifies arbitrarily as (1) the reddish 
nodule which is the young nodule; (2) the giwn nodule, which (on- 
tains green pus and (d) the hard nodule in >Nhich cahdfication has 
taken place. Theiler further states thai two serious comj)licat ions 
may take place as a result of nodular worm infestation:—(1) Hek- 
siekte* (Intussusception) and (2) septic*- infection of the seious 
cavities. 

Joest (1926) describes the young nodule as consisting mainly of 
lymphocytes, together vrith the oesophagostomum larva in a relatively 
small amount of broken down tissue in which eosiiU)])hiles are present. 
Fibroblasts surround this central mass but a well defined connective 
tissue cajjsule has not yet formed. These yoxing nodules are situated 
immediately under the nuiscularis mucosae. The larvae may migrate 
into the submucous tissues and the nodules may undergo caseation 
and necrosis. Sometimes ulcers develop. 

Monnig (1934) states that in lambs or in older shee]) whic h have 
no resistan(?-e to the parasite the larvae cause prac'tically no reaction, 
by their migration into the mucosa. In such cases a large number 
of adult worms can be found in the colon, without any nodules in 
the walls of the intestine. The fact that in some c*ases larvae i)ass 
into the submucosa, with the development of nodules, he asc'iibes to 
some degree of immunity whic*h the mucosa ap]>ears to jmssess. The 
larvae according to this author may stay in the nodules for about 
three months when the contents become caseous and calcified, the 
parasites either die or leave the nodules to wander about between 
the muscle fibres. Some larvae may enter the blood and lymph 

* An Afriknjuis word, literally translated ** stretching disease 
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vessels or i)ass into the abdominal cavity, producing nodules in the 
liver, lungs, myocardium and abdominal fat. The nodules are 
usually sterile, but larvae may carry bacteria into the walls of the in- 
tesiine and ])roduce acuie inflammation, peritonitis or even abscesses. 
The uornis are not blood suckers but feed on the intestinal cojitent^. 
or th(‘ ])redigested mucosa, after subjecting the nuicosa to the action 
of secretions from the oesophageal glands. The worms secrete a 
toxic sulistance which has a harmful effect on the host. 

Wetzel (1IM4) lielieves that a glandular secretion from the 
nodular worms, causes a chronic inflammation of the intestinal 
mucous membrane of the shee]) and that the parasites acdually feed 
on the intlammatory exudate produced in this way. 

LESIONS OF OESOPHACOSTOMIASIS IN LAMBS. 

^losl of the material used in this study was the same as that 
used by \eglia (lb‘Jd) when he was investigating the life history 
of this ])arasite. He infected lambs with large numliers of third 
stage l:ir\a»‘ and killcMl these lambs at intervals i)f hours, hours, 
dt) houjs, 2 days, d days, etc. Specimens of intestines weie collected 
in formalin and these were kindly placed at my disjiosal by Veglia. 

In addition to this material obtained from Veglia several other 
two-tooth merino sheep were experimentally inlecded with pure 
faeces cultures of Oesophagostonium larvae. 

Serial sections of the intestine were cut and stained in the 
ordinary way A\ith haemalum-eosin and van (liesen. In some cases 
the sections were specially .“tained with (liemsii, etc*., for bacteria. 

liKSlONS I\ IHE IX'IESTIMES OF YoVXG JiA.MHS Kxi'EIUAIlXTAMiY 
IxFKt’iEi) WITH Oksofhagostomiasts. (Vcglia's material.) 

diftiivol Lamb {2). Specimen .Vo. tiotilf. 

This lamb was not infected. The intestine had a normal 
a])pearance micro- and macniscopically. A careful examination Avas 
made for the ])n*sencc' of oesinophiles in the mucous membrane. 
Very feAv of these cells could be identified therein. 

Hi Uonr,^ after infection. 

Lamb .Vo. dl. Specimen boTO.—Small intestine- no parasitCN 
ari‘ seen either in or on the mucous membrane. Large* intestine—no 
jiarasites are seen in the mucous membrane, but in some sections the 
jiarasites are seen lying on the mucous membrane. The larva in 
this case must be just on the point of entering the mucous membrane 
(see Plate 1) or Avhat is more likely is that a portion of the parasite 
lias already entered the mucosa and that which is seen as apiiarently 
lying on the mucosa is merely a cross section of that portion of the 
larva which has not yet passed into the mucosa. If the larva is 
merely lying tree on the mucous membrane it would probably not 
have remained there during the proc'ess of c utting and the manipula¬ 
tion of the sections during staining etc. 
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Plate I.—Specimen 6570. 12 hours after infection 



Fipj, 1 (xl50) and Fig. 2 (x450).—Larvae are just on the point of entering the 
mucous membrane of the large intestine. 
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As far as can be made out from a very careful micjoscopic 
examination of serial sections from the small and larp^e intestine 
no evidence of any distxirbances could l)e found, 

24 Hours after infection. 

Lamb Xo, Specj/ncn 0571.—Small intestine—Duodenum. 

There is very marked hyperaemia. The vessels are distended with 
blood. In some places the villi are markedly infiltrated with red 
cells. There is in addition a certain amount of desquamation of 
the cells of the mucous membrane. Tliese lesions are possibly the 
early stages of a haemorrhaf»*ic enteritis (Plate II, Pi^. 1 and 3), and 
probably directly or indirectlj" due to the effects of what can be con¬ 
veniently desciil>ed as primary parasitic mi^Tation, that is migration 
which is taking** place when third sta<>*e larvae enter the mucous 
membjane and until they become emysted under the muscularis 
mucf)sae (i.e. against the muscularis mucosae and on its mucous 
membrane side). Many larvae are present. These are coiled up 
aj.»ainst the muscularis mucosae. This lesion has already api)ropri- 
ately been desci’ibed by Vep:lia (1023) as a cyst. A very fine 
nnunbrane forms the cyst wall which surrounds the larva. Jn 
addition to tht‘ larva one can recoj^iiise well jireserved red cells in 
some c\sts. (Plate III, Ki«‘s. 1 and 2) whilst in others there is a 
structuieless (pink staining with eosin) fluid (Plate IV, Fi«*s. 1 and 
2). Evidence of inflammation or of bacteria was never seen within 
the c.\sts. 

The (j nest ion now arises as to how the cyst wall is formed, 
(ioodey (1922) points out that the slieath of eiisheathed larvae is 
produced by the old cuticle which is re])la(‘ed by a new one develop¬ 
ing’ underneath it. The [)Ossibility must therefoie be considered 
that the old sheath of the laiwa actually forms the wall of the cyst. 
I'his would lie the most economical means of sup])lyin<»* itself with 
this apjiarently protective co\erin<»’. It has already b(*en shown 
that the jiarasites are on the point of entering’ the mucous membrane 
12 hours after infection and that many lar\ae are encysted 24 hours 
after infection. If a (certain amount of time is allowed during* 
which the ])arasite is inaking- its way through the nnnous membrane 
to become encysted under the muscularis mucosae, the cyst wall 
must in many cases be comjilefed within 12 hours' time. It Avould 
be remarkable if the tissues would undertake this service so promptly 
on behalf of the ])aiasite a<»ainst its own interest. From the avail¬ 
able histolo^’ical evidence it w’ould nevertheless seem, that this is 
a(*tually what takes place. The cyst wall stains with I per cent. 
methyl-^?reen and with haemalum eosin. With van (liesen it stains 
a lioiit pink colour. Under oil emersion and with the lijjrht slightly 
<‘ut off, the cyst wall has a orauular appearance in places. Striation 
which is characteristic of the structure of the skin of, amon^^st others, 
nodular worm larvae, wms never seen in the cyst wall, althoujrh it 
should be mentioned that in sections, one frequently fails to identify 
striation in the skin of encysted nodular worm larvae. ()n structural 
j^rounds one cannot differentiate the two on clear-cut lines. In some 
cysts there are numerous red cells betw^een the coils of the larvae 
If the cyst wall is formed by the outer skin of the parasite, then 
these red cells must be betw’een the tw’o vskins, which would seem to 
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Plaie it.—S pecimen 6571. 24 hours after infection. 



Fig. 1 (50x).—Duodenum haemorrhagic infiltration of mucous membrane. 



Fig. 2 (1200x).—Eosinophile infiltration of mucous membrane. 


282 









P. J. J. FOURIE. 



Fig. .S (270X).—As Fig. 1, showing liyperaeinia and haemorrhagic infiltration 

of villi. 


be an exceedingly unlikely, if not an impossible eventualiiy. Even 
if the red cells should have been ingested by the parasite, they would 
not be present between the two skins, but in the alimentary canal of 
the parasite. Veglia (1923) further points out that the second 
ecdysis which occurs in the fir»st parasitic stage of the soculled third 
stage larva is (‘ompleted in the lumen of the alimentary canal of the 
sheep, very soon after the parasite is ingested. Thus having cast 
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the old skin, it seems very unlikely that it could, within 24 hours, 
release the new skin to form a cyst wall. All the available evidence 
points to the formation of the cyst wall by or from the tissues. 

Fen^' (1931) believes that in Physaloptera claiti>a infection of 
hedgehogs and Physaloptera cavcasica infection of monkeys, the 
worms produce a secretion which causes liquefaction of the tissues. 
Spindler ^933) believes that such a liquefaciion or more precisely 
a coagulative necrosis of the tissues may also be caused by the Oeso- 
phayostoinvm longicauduui in pigs and that this homogeneous tissue 
actually forms the cyst wall. As the parasite only remains emysted 
for a short time (4-5 days according to Yeglia) it may be advantageous 
to have a protective covering which is not too strong. If such an 
envelope consists of dead tissue, this may automatically disintegrate 
in a few days time and release the parasite to complete ils develop¬ 
ment. The great objection to this view is the fact that the eysi 
walls consist of such well-defined, albeit delicate thread-like struc¬ 
tures, that it is hard to believe that a ])rocess of coagulative necrosis 
can produce them. Histological evidence wdiich may to some extent 
support Spindler\s contention is furnished l)y a cyst which is 
reproduced in Figs. 1 and 2, Plate VI. From the walls of this 
cyst one sees in places what appear to be hooklike pro(‘esses projecting 
into the cyst cavity. If there was a mass of liqxiefied tissue which 
the parasite pushed out in the form of a cyst wall, one can well 
imagine that some of (his substance could flow or be forced between 
the coils of the larva and so produ(‘e these hooklike processes. 

However on careful examijiation with the higher magnifications 
one can differentiate what can bejlescribed as the membranous cyst 
wall, as a well-defined delicate thread running round the hooklike 
process. In addition the two stain diiferently with van (lieseii, and (he 
structureless material inside the cyst cavity cun similarly be difl'eren- 
tially stained. However t(Mj great im])ortance should not be attached to 
this, as the material inside the cysts may be present as a thin layer, 
as a result of which it may stain more lightly than the thicker cyst 
wall. The exact nature,of the structureless material which is present 
in some cysts (Plate IV, Figs. 1 and 2) has not been determined. If 
it is not the result of a process of liquefaction, is il secreted by the 
parasite, or by the wuill of the cyst? Some cysts as already (dearly 
shown undoubtedly contain red (;ells and it seems very likely that 
the strmitureless material is the remains of these red cells after they 
had become haeirndysed. In view of the foregoing the question of 
the formation of the cyst wall must for the time being remain open. 
In the case of one cyst (5 days after infection. Fig. 3, Plate IV) a 
niudeus resembling that of a fibj’oblast seems to be present in the 
cyst wall and the possibility that it may consist of some form of 
connective tissue cannot be entirely excluded. It is rather remarkable 
that in all cases the larvae bec^ome encysted immediately against 
the muscularis mucosae and that ene.ysted larvae are never seen in 
the wall of the intestine deeper than the muscularis mucosae. It 
seems very likely that this structure merely offers a convenient 
mechanical barrier to the progress of the larvae and as there is no 
particular reason why they should go ftirther, they become encysted 
there. 
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Plate III.—Specimen 6571. 24 hours after infection. 



Fig. 1 (xl50) and Fig. 2 (X4o()).—Duodenum. Larva encysted under 
rnuscularis mucosae. 


285 










FAmOLOGT OF OESOPHAGOSTOMIASIS IN SHEEP. 



Fig. 8 (150X).—Encysted larva under museularis mucosa—terminal portion 

Ileum. 

Already a1 this early stage ahiioniial nunihers of eosinophiles 
are present in the imicous meinhrarie. Plate IJ, Fig:. 2. Many -of 
these cells seem to have round niudei, hut one hesitates in making 
a definite statement to this effect, as the cells may be lying in such 
a way that one may not he able t<) see the other lobes of the nuclei. 
If one is actually dealing here with e<xsinophile myelocytes, they 
must have developed locally from lymphoblasts (hemocytoblasts of 
the Unitarians). Maximow 1923(b) quoted by Maximow (1928) 
showed that lymphocytes may even in tissue culture be induced to 
differenliate into amongst others eosinoj)hile myelocytes. It seems 
very unlikely that the bone marrow could react vso quickly that these 
cells could function in the intestine within a period of 24 hours. If 
it is merely a (][uestion of the mobilization of the eosinoj)hiles, one 
(an understand their rapid withdrawal from the blood, but then one 
ix)ul(i not be dealing with myelocytes. These cells occur free and 
not in epithelial cells and were therefore not confused wdth the 
Schollenleukozyt ’’ described by Weill, quoted by Keasbey (1923). 

These eosinophiles are diffusely present almost throughout the 
mucous membrane but seem to be more numerous in the neighbour¬ 
hood of larvae. Seeing that the animal was exposed to a gross 
infection one can expect that parasites are entering the mucous 
membrane almost along the entire line of the intestine, this probably 
explains their (liflfuse distribution. In the control uninfected lamb, 
hardly any eosinophiles are present. Similar lesions are present in 
the Ileum, (Plate III, Fig. 3). Here also numerous eosinophiles 
a^ seen to be diffusely present throughout the mucous membrane. 
This portion of the intestine does not contain lesions like those of the 
early stages of a haemorrhagic enteritis to the same extent as the 
duodenum. 
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Plate IV.—Specimen 6571 (Figs. 1 nnd 2). 24 hours after infection. 



Fig. 1 (150x) and Fig. 2 (450X),—^I^arge intestine. Larva encysted under 

muscularis mucosae. 
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Fig. 3, Spec. Go78. G days after infection. (loOOx-I nncleus filnobla&t. 
2 cyst wall, 3 cy.st cavity, i portion ot (*ncysted larva. 


Large Intestitu '.—As the eiicysled larvae lie coiled op against 
the iiiusciilaris iiiiicosae, they are cut in several places in cross section. 
This is clearly seen in Plate TV, Figs. 1 and 2. Immediately around 
the cyst wall there are (juite luiiueroiis eosinophiles. This would 
seem to be quite remarkable if it itj reniember(‘d that the larvae had 
probably only ventured into the mucous membrane during the 
previous 12 hour^s. In Plate V a larva is seen more or less in longi¬ 
tudinal section. It is not jmssible to make out definitely which is 
the cranial portion of the ])arasite. However, it would seem that the 
larva is entering the mucous membrane between two glands. The 
presem.e of a considerable iiiunber of eosinophiles is very definite 
evidence that the tissues are resisting this invasion; not only 
immediately around the parasite are numerous eosinophiles, but these 
cells are also prominently juesent in the tissues some distance away 
from the parasites. Similar lesions are present in the small ancl 
large intestine of another lamb No. d() destroyed 24 ho\irs after 
infetdion. 


48 Hours after Infection, 

Specimens from three different lambs were available for exami¬ 
nation. 

No. (1). Lamb No. 129, Specimen 6572.—Emjysted larvae are 
present under the muscularis mucosae, whilst others are still migrat- 
ing apparently on their way to the musculari.s mucosae. In this 
particular lamb the eosinophile reaction, although present, is not so 
W'ell marked as in the previous case. 
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Plate V.—Specimen 6^571 (Figs. 1 and 2). 24 hours after infection. 

Specimen 6;574 (Fig. 3). 3 days after infection. 




Fig. 1, 6671 (150X) and Fig 2. 6571 (850x).—Larva entering mucous membrane 
between two glands. Eosinophile infiltration around parasite. 
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Fip;. Spec. 6574 (250X). Empty cyst 3 clay's after infertion 


.Yo. (2), Spvrimci) G912— Afhhtional lAunb, — Wbilsi no para¬ 
sites are seen in seetions exaininecl troiu the jejiiuiini, ileum, caeeuin 
and ansa sjuralis, ])arasites aie* found on the mucous membrane 
apparently on the point of enteriii^’ the duodenum, the j\inciion of 
the caecum and ansa proximalis and the rectum. Eosino])lnles in 
appreciable numbers are present throuf^hout the mucous membrane 
of the small and lar^i^e intestine. This eosinophile reaction is ])rob- 
ablv due to the presence of larvae whicli had already enterecl the 
mucous membrane on their j)rimary parasitic mij>ration, although no 
such parasites could be’ demonstrated in the depth i)i the nnnous 
membrane and no encvsted larvae were found in hundreds of sections 
examined. The method of infection will i)robahly influence to a 
considerable extent the ra])idity with whitdi the parasites pass thio\i^h 
their various develo])mental sta<>-es. If the larvae must first of all 
enter the rumen, it will lake them loiiprer to become encysted than 
if they should pass throuj^h into the abomasum and this may possibly 
explain the apparently dela.yed development in this lamb. 

N(k (3b Lawh No, 38. Speciwcv 0573.—No j)arasites were 
found in any of the serial sections examined. With the exception 
of a catarrhal enteritis in the ileum no lesions were recognised in 
the small or larp^e intestine. 

3 Days after Infection, 

Lamb No, 18. Specimen No, 6574.—Encysted larvae are presept 
against the muscularis mucosiie of the large intestine. In the 
vicinity of the cyst are scattered eosinophiles. In some places empty 
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cysts are seen (Plate V, Fig. 3). The ruptured end of the cyst is 
iiiiinedlately opposite the muscularis mucosae. On following a sort 
of track wliich is present between the mucous nieinbrane and the 
muscailaris mucosae, portions of a migrating larva, w'hich could 
possibly have migrated from this cyst, are found. The larva was 
unfortuuat(‘ly cut in sucli a way that it could not be definitely 
identified as a fourth stage larva. From this it would appear that 
what will be described as secondary j>arasitic inigratif)n in this paper, 
can sohietiaies take })lace consideiably earlier than 5 days, whitih 
according to A’eglia (1023) is the time when the fourth stage larvae 
usually emerge from their cysts. 

4 Days after Infection, 

Lanih Af). 3(i. Sper/men \o, (loTo.- Xo pa?‘asites were found 
ifi the sections cut tiom the first i)ortion of the small intestine. In 
the ileum numeioiis eiicyst(Ml larvae aie ])i(‘spnt under the muscularis 
mucosae. The c.\sts are now increased in size and can readily be 
])ick(Ml out under* an ordinary dissecting microscope wuth a magni¬ 
ficat ion of 111. Th(‘ larvae can only grow if tlu'y have sufiicient 
available fooil material. It seems unlikely that they can build up 
sufiicient reserve material during the short time of their primary 
])arasitic migi'utioii, im* their gr-owtli while they are encysted. If 
such reserve materials are not available the larvae probably make 
use (»f r(‘d cells and ])ossil)ly <4her substances pr’esenr within the cysts 
for food. In some of the sections ])hotomicr()gra]>hs of which are 
reproduced (Plate VI) the cyst wall rs clearly seen to consist of a 
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fine thread like filament, which at this stage can he differentiated 
from the outer skin of the parasite by van (jiesen’s staining*. The 
outer skin of the parasite takes on a yellowish colour whereas the 
cyst wall stains a light i)ink colour. The glandular epilhelium of 
Ihe large intestine is in places completely replaced by the cyst and 
by a zone of tissue which has formed around the c*yst. This zone 
of tissue consists of scaliered eosino])hiles, fair numbers of round 
cells, but maitjly of cells having large vesicular or spindle shaped 
nuclei, which are regarded as fibr<»blasis. amongst which a certain 
number of epithelioid cells may also be ])resent. This probably 
rei)resenis a iype of gianiilation tissue, which already at this early 
stage seeks to emapsulate the ]mrasite. This cellular zone around 
the cyst vari(*s in (le]>t)i, as it consists of only a few rows of cells in 
the case of sonu' cysts, whilst in the case of others an appreciable 
zone of tissue is formed around tlie cyst. 

^^unlerous serial sections were examined from various poitions 
of the gut and iri not a single one was any evidence found that larvae 
had i)enetrated the inuscularis mucosae. 

o Ihft/s after Iufeeiion. 

Lainh {na nuinhcr). Specimen ()o7T.—Many encysted larvae are 
present against the muscularis mucosae. In Fig. 1, Plate YTI tw^o 
larvae are shown en(*yst(*d side by side. If the tissues are responsible 
for the (‘>st wall, it seems strange that they did not include these 
two larvae with their associated (‘yst contents within one cyst wall, 
there is, lioweNer, a ])ossibility that the two larvae became encysted 
at different times. The cyst generally resembles that wdiich is seen 
tour <lays after infection. In serial sections from another portion of 
the large intestine a jiortion of a larva is seen more or less in longi¬ 
tudinal section. Fig. 1? Plate A"ll. The head end is against the 
muscularis mucosae and causes a bulging of it towards the submucosa, 
fudging from the mouth ca])sule etc. the structure of this larva con¬ 
forms to the structure of the fourth stage larva ilescribed by Veglia 
(U12d). According to Yeglia, ()eso|)hagostomum larvae are, during 
this time, completing the third eedysis l)ut they had not yet migrated 
back to the lumen of the intestine. This larva must have emerged 
from the cyst and is now* migrating as the fourth vstage larva. This 
can be conveniently described as secondary parasitic migration, in 
contradistinction to wbat has already been leferred to as primary 
] )a ra si t ic in igrat ion, 


6 Days after Infection. 

Lamh No, 1(){)74 {(hen case). Specimen No, (>578.—Numerous 
em'ysted larvae are still present against the muscularis mucosae 
(Plate VIII). The (rysts themselves vary a good deal in appearance. 
Some have a w*ell-defined delicate threadlike membranous wall 
(Fig. 4) with very few cells ordinarily associated w’ith granulation 
tissue and capsule formation, whereas others have in addition a zone 
of tissue consisting of several row’s of cells (Fig. 3). The cells of 
the central row\s, i.e. immediately around the parasite have large 
vesicular nuclei, some of wbich are almost elliptical in shape, others 
more or less round. The cells of the peri])heral row’s have nuclei 
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Plate VJI.—Specimen 6577. 5 days after infection. 



Fig. 1 (loOx).-“ Kncystod larvae, l^arge intestine. 



Fig. 2 (150 x).—Migrating 4th Stage larva. 
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which are sj)iii(l]e shaped. These cells are interj)rcied as heinj? 
wjaiiily fibroblasts and the tissue is reg-arded as granulation tissue, 
which is ])uilding a capsule around the parasite. This diherence in 
the structure of the cysts may be due to: (1) a diit'erence in age. 
It is aliiiosi certain that even in cases where infection takes place 
at the same moment, some larvae will complete their developjiient 
before others. (2) For soiue unknown reason, the ti.ssue reaciions 
to individual cysts ma\ vary. Jt .seems unlikely that there would 
be an inherent differeiu'e in the cysts themselves, ])ut jiossihly the 
kind of tissue where they l)ecome encysted, may intluence the type 
f)t reaction which is produced. 

Ill places there are em]>ty sjaices from which the larvae have 
migrated. In addition to migrating larvae of the fourth larva or 
second parasitic stage, the malules wliiidi are produced by some of 
them are now for the first time seen. (Plates VIII and IX). The 
iKxIuIes are ])resen1 mainly in the submmous tissues, but some are 
jncscnt in Uui .submucous as well as the mucous tissues. In the 
eailiei* sections ot the series, one sees merely a more or less circum¬ 
scribed accumulaliou of eosinojiliiles, but in later sections of tin* 
sei'ies ])ortions of the larvae are easily recognised. In Pig. 1 
Plate IX tilt* nodule is seen to ()ccuj)v the entire mucous membrane 
and ]>eTietrates tin* muscularis miu'osae to extend into the sul)iuiic()us 
tis.sues. Here the larva is seen < u1 moie or less longitudinally and 
details in its structure are easily recognised. Tlu* ]n*ad end lies in 
the submucosa and is directed awa> from the mucous membrane. 
The entire jiarasite is (dosely .surrounded by infiltrating cells amongst 


Plate Vfll.- Specimen 657K. 6 days after intection. 



Fig. 1 (75X).—Encysted larvae and young nodule in suhmucasa. 
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1*’'S- 3 (300 x).—As in Fig. 2. Well developed capsule. 
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rijJC. l —No onpsule iorniation. 


Vlatk IX. Specimen 6578. 6 days nft(*r mlVitioii. 



Fig. 1 (75x).—Worm nodule in mucosa and submucosa. 
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Fig. 2 (150X).—As Fig. 1. 


which many eosinophiles are present. In other sections where a 
larva is cut mainly through its cranial portion, a group of 
polymorpho-nuclear cells is seefe lying at the entrance to the oeso¬ 
phagus. Only the nuclei of these cells can be itlentified. They are 
regarded as eosinophiles whicdi the larva had ingested, as there is 
no reason to supi)ose that these cells could have been accidentally 
deposited here in such a regular group during the process of (utting. 
The early nodules as seen in these sections consist of the parasite 
with masses of infiltrating cells, the great majority of which are 
eosinophiles. In addition to such circumscribed accumulations of 
eosinophiles around the migrating larvae, there is also a diJfuse 
infiltration of eosinophiles throughout the mucous ineml)rano. Tliis 
must be looked upon as an expression of the defensive mechanism 
of the intestine, wliiidi is being mobilized against the parasites. 


7 Days after Infection, 

Lamh No, 19. Specimeri ()ri79.—In quite a number of places 
there are bloody tracts in the mucous membrane. These may extend 
to the surface of the mucous membrane, where the parasite has 
passed out into the lumen of the gut. Migrating and encysted 
larvae are present in the mucous and submucous tissues of the large 
intestine. In the case of the ileum larvae are seen wandering in 
ime interstitial tissues of the follicles in Payers iiatches, Plate X, 
Fig. 1. 
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Platk X. —RpcH’irneii 6579. 7 clays after infection. 



Fi^. 1 (I50x). Mi^jjrating larva in follicle of Peyers Patch. 



Fig, 2 (226 x).—Empty cyst. 
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Fig. 3 (lOOOX).—Blood vevvsol in submucosa containing numerous eosinopliilt's. 



Fig. 4 (650x.).~Sjbondng cast striated skin. 
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The migrating larvae esi)ecially in the submucous tissues are 
closely surrounded by infiltrating eosinophiles, forming typical young 
worm nodules as in the previous case six days after infection. 
Eosinophiles are also diffusely distributed in the mucous membrane. 
Although Ihe available evidence is incomdusive there would seem to 
be a possibility that adult worms and to a less extent fourth stage 
larvae, in the lumen of the intestine, may induce a diffuse eosino- 
philia in the mucous membrane. Further, eosinophiles are seen to 
be the dominating cells in (certain vessels in the submucosa (Fig. d, 
Plate X). These are undoubtedly bb)od vessels as they contain red 
cells in addition to the eosinophiles. They are not caj)illaries, as 
they are far loo wide and can easily accommodate d or 4 eosinophiles 
side by side. Neither are they arterioles as their walls are much 
too thin. Furthermore, if they were arterioles one must assume that 
th(‘re is active haemopoiesis in the myeloiil tissues, from which the 
eosinoi)hiIes were leleased into the circulating blood. Judging from 
tlie j>reponderance ol eosinophiles in these vesstds, the vast majority 
ol the leucocytes in the blood ought in that case to be eosinophiles, 
a condition not yet encountered to such a marked degree in the 
fairly extensive haematological (»bservations made in cases of oesoi)ha- 
gostoiniasis. One is therefore forced to the conclusion that these 
vessels are actually venules, which are draining an area where active 
secondary migrating larvae are present or from wTiich such larvae 
are disapj)eariiig. When the eosinophiles are passed into the general 
circulation their numbers will relatively be very much decreased, 
but they may still be sufficient to produce a transitory eosinophilia. 
Later, however, they will disappear from the circulation. If this 
interpretation is correid, an eosinophilia in oesophagostomiasis is not 
so mucdi an indication of an active tissue verminosis, but rather, 
that the tissue verminosis has been completed. In such cases one 
visualizes migrating larvae which penetrate the muscularis mucosae, 
wander about in the submucous and otlier tissues, where an intense 
eosinophilic reaction is elicited. Should they die and find their way 
back into the lumen of the gut, the eosinophiles may no longer be 
required for the purposes of defence and are released into the general 
circulation, from which they will later disa|)pear. Hadweii (11)25) 
had already at that time exj>ressed the view that this may occur in 
cases of parasitism. 

In some sections em])ty cysts are seen (Fig. 2 and 4. Plate X). 
The walls of the cysts are intact except at the one end where the 
parasite has broken through. The suggestion ])reviously put viz. 
that the walls which were siij)posed to consist of dead tissue, will 
disintegrate to release the parasite, ivS not supported by the structure 
of this empty cyst, which does not differ from that of the inhabited 
cyst. When the parasite has reached the end of the first parasitic 
stage it casts its skin, the striated structure of which is easily 
recognised (Plate X, Fig. 4). The parasite then breaks through at 
one end; leaving, as already stated, the remaining* ]>ortion of the 
cyst wall intact. The cyst wall, as a definite structural^ entity, is 
very clearly seen in the empty cyst reprodiu‘ed in Plate XI, Fig. 1. 

8 Dai/s after Infection, 

Lamb No. 3585. Specimen 6580.—Encysted larvae are only 
very rarely seen against the muscularis mucosae, but migrating 
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larvae and nodules pioduc^ed by them in the walls of the intestines 
are frequently seen. The nodules are present mainly in the sub- 
inueous tissues, but in places portions of the mucous membrane itself 
are etxensively involved, with the eom])lele destruction of a (‘onsider- 
able number of villi. In other cases the muscular layers are 
extensively replaced by eosinophiles. Some of the iiihltratin”’ cells 
have undergone necrosis but in pla<‘es one can still recognise the 
polymorphic nature of nuclei of what are probably the remains 
mainly of broken down eosinophiles. Hound cells are also present. 
This jirobalily represents the early stages of caseation (Figs. 2 and d, 
Plate XI), although it should be mentioned that in some of these 
centres showing commencing necrosis, (|Uite a number of bacteria 
are present. They are bacilli, all apparently of the same type 
(Plate XI, Figs, 2 and d). They are j>roba))ly not putrefactive 
bacteria, as there are portions of the same section in which they are 
not present. (Decomposition t-aii be definitely exidiuled as the lamb 
w^as destroyed and specimens collected in fonnalin almost immediately 
after death). It seems as it the migrating larvae have produced 
such severe changes in the mucous meiubiane that l>a(derial infection 
from the lumen of the bowel took plate and one may tlien be 
actually dealing wdth a true inflammatory proct‘ss in addition to the 
lesions produced by the worms themselves. The fact that neutjo- 
pliiies are undoubtedly also present further su])}M)rts this. However, 
to anticipate wduit will l)e shown later in this j)ai)or, it dot^s not seem 
that bacterial infection is a regular conijilication of oesojihagosto- 
niiasis, but seems especially liable to oc^cur wheji migrating larvae 
produce extensive lesions in the mucous membrane. Occasionally 
empty cysts are seen under the muscularis mmosae (Plate XI, 

Fig. 1). ^ 


Plate XI.—SfiecMmen 6580. 8 d»ys utter infection 









V. 3. 3. rOTJBlE. 



Fir 2 (375X).—Commencing necrosis witli bacteria. 



Pig. 3 (760 X).— As Fig. 2. 
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12 Days after Infection, 

(Two lamhs.) 

Lamh No, 1. Specimen 0581. Larye Iniestii^e ,—Nodules of 
varying size are present in Ihe niiicous iiiombrane, the submucous 
tissues, the longitudinal and circular muscular layers, and in some 
cases extending right up to the serosa, which seems to be on the 
point of being perforated. In these situations the normal tissue has 
been completely destroyed (IMate Nil) and J*ei)laced by the nodules. 
In some places a nodule may be seen to extend from the muscular 
layers, through the submucosa, right to the surfa(*e of the mucous 
membrane, forming an ulcer which opens into the lumen of the gut. 

The nodule at this stage has the following structure. In a few 
cases the cells (eosino])hiles) which mainly form the nodules, are 
still seen niorii or less intacd, l)ut most of the nodules c'onsist of a 
large central structureless mass, which stains more or less unitcrmly 
pink with eosin. lii nodules from specimens which are cut and 
stained, soon after they are collected, the cential structureless mass 
stains an intense pink colour wdth eosin, differing in this respect 
very markedly from the glanders nodule, the Ibeisz-Nocard abscess 
and the caseating tubercle. In pla(‘es nuclear debris can still be 
seen and this is ahvays in greater abiindarn'e towards the periphery 
of the nodule, w^here a w’ell defined more deejily staining zone in 
which the nuclei of the cells are seen in varying stages of nec rosis, 
is usually present. Here intact eosino])hiles may be seen and where 
the living and dead tissues meet the cells of the tissue normal to the 
part are pycnotic. 


Platk Xn —Spc’ciinen 6oHl. 12 dnys after iiifeci if)r. 



1 (13X).—Deep caseous nodules, parasite in one of them. Ulceration of 
mucous membrane. 
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Fig. 2 (150X).—As in Fig. 1. 



Fig. 3 (750x).—Another nodule, eomnieiicing necrosis, numerous bnctena. 
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Ill addition to the remains of broken down leucocytes, mainly 
eosinophiles, but in some cases probably also neutrophiles, one may 
find in the central caseatino- mass the following*: — 

(1) Bacteria .—These are present in most of the nodules. They 

may be scuittered throughout the central structureless Jiiass or may 
occur in ‘>roups towards the periphery of the nodule. These bacilli 
seem to be exactly like those previously described. They appear to 
be (jram positive rods, and here and there small bodies, lesemblinf^* 
spores are present. These bacteria are present not only in the depths 
of ul(‘eratinp‘ lesions, but also in nodules deeply situated in the 
submncosa, inclndinj^* the muscmlar layers of the intestinal wall. 
These bacteria probably gained entran<*e through the severe lesions 
])roduced by the gross parasitic infestatmn. It is extremely unlikely 
that the parasites carried them into the walls of the intestine, Avhen 
they first entered the mucous membrane. If that were so, one would 
expect to find evidence of inflammation (regenerative or degenerative) 
in the walls of the intestine, when the ])arasitic invasion first takes 
place and when the cysts are formed. This is, however, not the case, 
and in the cysts themselves one never sees any bacderia or any 
inflammatory reaction. This is confirmatory evidence in support of 
the views of Came and (Tunies Rovss who failed to find any 

Preisz-Nocard organisms in the nodular worm lesions of slice]), which 
were dosed per os with nodular worm larvae as well as with culturcvS 
of the Preisz-Nocard organism. Further it is of interest to note 
that these authors in examining, histologically and culturally, 50 
well-developed lesions of oesophagostomiasis of the bowel wall of 
sheep, were able to identify gram-negative bacilli of the colon- 
typhoid type in two instances. If infection by paraty])hoid ba(‘illi 
was more common in shee]), one would have to consider the ])ossibility 
of fo()d ]ioisoning in such ca?^es of severe oeso])hagostomiasis. 
Fortunately, however, this does not seem to be the case. Mason 
(unpublished work) in making a very careful study (at this institute) 
of the intestinal bacterial flora of sheei), was not able to isolate 
any paratyphoid organisms. 

(2) Irrcf/tflar, darkly staininy {(vith haemalium-cosin) particles. 
These are regarded as the early stages of calcification, which is 
characderistic of the old nodules. 

(y) Barasiles .—The oeso])hagOvStomum larvae may or may not 
be present in the structureless central portions of the nodule. Some¬ 
times they are found towards the perijihery of the nodule. Several 
nodules in one field may be produced by different larvae or they 
may be produced by one migrating larva. It seems that larvae, 
having emerged from their cysts, can migrate through the mucous 
membrane of the intestine, without leaving much evidence of their 
presence. Sometimes an eosinophile infiltration of a greater or 
lesser degree may be produced, but this probably disappears very 
soon after the larvae have again returned to the lumen of the 
intestine. If, how^ever, the migrating larvae penetrate the muscularis 
mucosae, then an intense reaction is elicited from the tissues con¬ 
cerned, in the form of an active eosinophilic infiltration. It is 
possible that such wandering larvae may again pass through the 
muscularis mucosae and the mucous membrane into the lumen of 
the gut finally to complete their life history. However, the 
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probability is that they will wander aimlessly aljoiit in the depths 
of the intestinal walls, and acoordino* to Came and Cliiiiies lioss 
(1932) and others may even be found in Ihe mesenteri(‘ glands and 
such remote organs as the liver, having as it were lost their sense 
of direction. Most of tliem will be destroyed and it seems extremely 
likely that the macroscopic, nodules so character istic, of nodular worm 
infection, indicate as stated by Monnig (193-4), some form of 
resistance on the ])art of the host to infestation and represent larvae 
which are being or have been destroyed, in their* wanderings. On 
post-rnorteiu exanrination, one sometimes firrds very numer*oiis adult 
worms in the luirretr of tire bowel when only a few nodules are present. 
This tends to indicate that in what can be described as the normal 
develo])nrent of tire jrarasite, viz. ])riina!y migration into the mucous 
rnmirbrane, errcystiiient agairrst tire rrriiscularis irrucosae arrd secomlary 
migration bacdv iirto the lunrerr of the gut, without ]>(*rretratirr«»' the 
rrrusmibriis mucosae—very little disturbance of a perrrrarrent nature 
is prcKluced in the walls of the irrtestirie. In the abrrorrrral dcNtdop- 
rrrerrt of th(‘ parasite, irrstead of nrigrating back throirgh the rumour 
rrrenrbrarre irrto the lurrrerr of the gut after it emergtvs fr‘onr the cyst, 
it p(‘n(‘tr*al(‘s the nruscularis nrircosac and elicits arr irrtmrse tissrn* 
reactiorr as a result ot \\hich the rrodrrles form. That sonrelhing of 
this kirrd may take ])la(*e is supported to sorrre extent b\ the obseiva- 
tioir, which is irot infre(|uently irradc* otr jrost-mortem examirratlotr, 
that nurrrerous rrodules are ])r*(‘seirt, whetr no adult parasites may be 
fourrd irr the lurrrerr of tire irrtestine itself. llow(‘ver*, irr this 
conrrectiori oire should rrot loose sight of tire ])ossibility, irid(*ed (‘veir 
the likelihood, that in sonre of these cases, the adult worms may have 
b(*^Mr got rid ot by medicinal treatment, as a result of diarr]ro(‘a, or 
may (rven ha\(‘ du*(l of old age. Jt is more than likely, that throe 
must be some definitr* factor (])lrysical, biological, rhemical) ^^hich 
induces the irarasite to refuse the path of least lesistairce, from the 
nrusculards mu(‘osae, through the miu'ous membrane, to coirr])let(‘ 
its develojrinent in tin* luuren of the gut arrd to prefer to penetrate 
the barrier*, in the form of the muscularis nru(*osae, orrly to loose 
itself in the de])th of the infestirral Avail. 

Towards the periphery of the irodule there is evidence of fibro¬ 
blastic actrAoty, arrd in some cases a good deal of fibrous tissue is 
jrresent. In addition to the mxlules themselves, the migrating larvae 
in this case inflicted considerable nrechanical injuries to the intestinal 
Avails, having ])roduced large blood tracts in the mucous membrane 
the submucous and other* tissues right up to the sei*osa. 

(12 Ddifs (if ter In fret 1071 — ('onfinued,) 

Lamh No. (2). Specimen 0582.—Jjarge intestine. Tn jiortions 
of the intestine ])ronounced lesions are seerr macro- and micro¬ 
scopically. The lesions may involve the entire thickness of the 
intestinal wall and in places there is actual perforation. In such 
cases there are multiple, discrete and circumscribed lesiorrs Avhirdi 
vary in size up to 2*5 mm. in diameter, on the vserosa. (Plale XTTI). 
Centrally there is a well marked pit or depression which is the 
actual hole where the bowel Avail has been jrerforated. The borders 
of the lesions are prominent and raised above the surrounding normal 
tissue surface. The whole lesion has a rather characteristic elliptical 
shape. In places there is a fibrinous deposit on the serosa (fibrinous 
peritonitis). 
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Pirate Xlll.—Specimen 6582. 12 days after infection. 



Fig. 1.—Large intestine with nerforation due to Oesophagostoiuum larvae. 



Fig. 2 (a8x).—As Fig. 1. 
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Fig. 3 (20X).—Nodule in wall of intev^tiue, showing winidt'nng larvae and 

ulceration. 



Fig. 4 (38X).—Tracks of wandering larvae and ulceration. 
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Microscopically the lesions are similar to those described for 
lamb No. (1), except that in these sections ])erf()rati()n of ihe intestinal 
wall is clearly seen (Plate XIII). The tracts of the wanderin<r larvae 
in the subnmc.osa, represented mainly by masses of eosinophiles, 
some of which are partially or comj)letel.\ disintef^rated, appear in 
some sections to be quite independent of the tracts of the larvae which 
have produced the perforation. However, if one carefully follows 
out a complete series of sections, it is clearly seen tliat the tracts 
referred to (tommunicate with one anoiher and in this w^ay it was 
possible* to study the wanderings ot the larvae from the inucous 
membrane through the submuc.osa and miis(‘ular layers, until coni- 
])lete perforation through the serosa has o(*curred. In Mich cases 
one must expect to find larvae in tlie })eritoneiil cavit\. This 
observation was actually made by Veglia confirmation of 

which will be re])orted siibse(|uently in this pai)er. The effecd ot 
sucli perforation would de])end largely on the ])resence of bacteria 
which could have been introduced from the lumen ot the iiiiestine. 
In this case bacteria were seen to be present in the lesions, wheit* 
])erforation had ocfuirred and it is more than likely that the fibrinous 
])erintonitis already referred to was caused by th(*he organisms. In 
one case, which will be referred to in greater d(*tail later, when 
discussing the ])athogeaesis ot the <lisease, the hartIIus ptjocjiaurus 
was isolated in practically ])ure culture from the peritoneal cavity. 
In this case death was due to ])eritonitis ns a result of ])erforation 
of the intestinal wall subsequent to infection with oeso])hago8toniuin 
larvae. At the moment a considered opinion as to the (*xtent that 
])eritonitis and other liacterial complications may be important 
factors in natural (*-ases of oesophagostomiasis cannot be givtm. 
However, to jxidge from the fact that bacteria were repeatedly shown 
to be present in lesions of the disease.during the course of this study, 
bacterial complications in oesophagostomiasis of sheep would seem to 
be rather more important, than is suggested by the admittedly very 
guarded statement of Taylor (19dr)) that “it seems highly probable 
that file injuries caused to the bowel wall by parasitic worms in 
general do not play any important part in bringing about bacterial 
infection from the lumen of the intestine 

15 Days after 17t feet ion, 

Lauth So, ()4. Specimeu iSo, (i588.—Nodules in which parasites 
may or may not be present, are seen in the small and the large 
intestine. They are situated in the mucosa, submucosa and in some 
cases large nodules measuring 1 x *5 cms. are situated beyond the 
inner circular muscular layer, completely replace the longitudinal 
muscular layer and cause a bulging of the serosa. In the minious 
membrane there are actually ulcers present and in the caseous mass 
which com]>letelv replaces the glandular epithelium, jiarasites are 
seen, probably just on the jKjint of passing into the lumen of the 
intestine. Therefore, it would seem that as long as the wandering 
larvae remain alive, they may at any time find their w^ay back into the 
lumen of the intestine. Obviously it is impossible to devise experi¬ 
ments which would supply reliable evidence as to the proportion of 
larvae which may successfully migrate back into the lumen of the 
intestine, after having penetrated the muscularis mucosae. My own 
opinion is that the majority of them are destroyed when this occurs. 
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Niunerous bncieria can be reco^'iiised readily on microseopie 
examination and in addilion to eosinophiles, there are also numerous 
neutrophiles. In these cases one is therefore really dealing with a 
worm nodule, which is coiupli(‘ated with abscess formation. In order 
to ^‘et further information concerning the (‘onstitueiits id' the nodules, 
smears v\ere made from nodules ])resent in shee]) which ])assed 
through the post-mortem room at this institute in the ordinary way 
for routinci post-mortem examination. In this way a number of 
smears Avere examined fioiu fourteen ditTereiit sheep. The smears 
were stained by Pappenheinrs May-(iriinwald-(tiemsa method. 
Whilst in some cases there was complete destrufdion of the cellular 
(dements so that they could not be diiferentiated in any way, in the 
case of i)t]ieis, the cells W(U(‘ easily recognised. In nearly all cases 
eosinophlies wc*re ]^resent. In (piite a number of cases thtue were, 
in addition, numerous neutroj>hiles, md infretiueiitly bacteria Avere 
present. These imduded cocci and A^arious types of bacilli, e.g. short 
T*ods, bipolar organisms, and organisms haA’iiig terminal spoies. This 
is confirmatory (*viden(;e that in (juite a number of cases, the nodules 
are infected AAuth bacteria, but in acdual practice this does not occur 
to the extent whicdi is suggested by the statement of (’ameron (Ifldd) 
that Bacterial contamination is A’ery common and the sim])le 
helminthic, nodule becomes con Averted into a ])yogehic absc(\ss The 
usual practical ex})erience is that animals showing symi)toms of 
seA'ere oesophagostomiasis make a remarkable re(‘o\’ery if the adult 
AA'orms are remoA^ed by treatment, which cannot liaA-e any significant 
specific effect on any bacteria AA’liich may be ])resent in the nodules 
themselves. 

Towards the periphery of the nodule, granulation tissue is being 
formed, and in addition to fibroblasts there are some (‘ells Avhich 
resemble A^ery strongly epithelioid cells. In some nodules a certain 
amount of fibi'ous tissue has been formed. In a number of places the 
blood A-essels immediately around nodules are markedly distended. 
This may be due to a certain amount of mechanical interference on 
the ])art of the nodule, with the free A’enous drainage of the intestinal 
wall. 


17 Dat/s after Infection. 

Lainh No, d. Specimen (1584.—Small and large intestine—no 
encysted bnwae Aveie found. Tracts of wandering larvae are seem 
throughout the Avail of the intestine. The nodules themseh’es show 
the presence of vejy extensiv’e central necrosis. In this (aseated 
mass cellular elements (*annot be recognised, but the preseme of 
cal(‘ium particles indicate the early stages of calcification. In a 
number of nodules numerous bacteria (cocci and bacilli are present. 
At the periphery of the lesions there is a rather darkly staining 
zone in which the nuclei of the celLs are seen in varying stages of 
disintegration. The whole lesion is suiTounded by granulation 
tissue, which in places has already formed adult fibrous tissue. In 
this tissue eosinophiles are present in abundance. In many of these 
nodules the wandering larvae are seen cut either transversely or 
longitudinally. They may be present in the central structureless 
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mass, at the periphery of the nodule or sometimes just outside of 
them, tip to now no definite evidence of dead jmrasites has been 
seen, but in this particular animal there are occasional bodies, in 
which the normal structure is greatly altered, and judging from 
their outline there is the possibility that they may be portions of 
the dead bodies of the j)arasites. 

In the ileum, of which complete cross sections were made, well 
maiked changes are seen in the lymph folliLdes and in the jnucous 
membrane, in the case of the lymph follicles, the lymphocytes are 
conspicuous by their absence. Indeed it is only hero and there that 
normal lymphoid tissue can be recognivsed in portions of the follicles. 
There are not really well defined lesions in the follicles, but the 
cellular elements seem to have been drained away and the tissue 
has undergone a kind of rarification as a result of which gaps have 
literally been left. On the other hand follicles of the control lamb 
contain dense masses of cellular elements. No definite statennent as 
to the presence or absence of fluid (oedema) in the l>mph follicles 
of the ileum can be made. TJnforiunately the usual regional 
lymi)hati(; glands in well-developed cases of oeso])hagostomiasis wtu'e 
not available for examination. In the circumstances it is not 
possible to say if these (dianges in the follicles of the ileum are 
definitely due to tlie effects of the nodular worms, but it is likely 
that this is the case. The question now arises as to ulietlier the 
condition is one of lymphoid atrophy or of lymi)hoid hypoplasia. 
There is no evidence that the ghinda are decreased in size and except 
for the decrease in the number of lymphocytes, there are no recog¬ 
nisable structural changes. Tt is not knowui if the glands aie 
producing lymphocytes or other (‘ells at an increased or decreased 
rate. If there is hyper-activity in ihe glands, there should be a 
lymphoid hyperplasia or hypertrophy, but such (‘ompeiisatory pro- 
(3esses may be inhibited or controlled by toxins from the parasites. 
There is a possibility that toxins may interfere with the normal 
production of lymy>ho(;ytes and if that is the case, the condition 
would be one of lymj)hoid hy])oplasia, rather than that of atrophy 
of the glands, especially in view of the abseiu^e of definite evidence 
that the glands are de(‘Teasefl in size. 


In the case of the mucous membrane there is very extensive 
desquamation of catarrhal cells, which are easily identified in the 
exudate in the lumen of the intestine in complete transverse sections. 
This is interpreted as an acute catarrhal enteritis, })i‘obably caused 
by the parasites after they have returned to the lumen of the intestine 
at the completion of secondary migration. (Plate XIV.) 

Tn one place a wandering larva is seen in a mass of structureless 
material, which completely replaces the mucous membrane there. 
(Plate XIV, Fig. 1.) Its hea(l is just free of this material and it 
appears to be on the point of entering the lumen of the gut. This 
is further confirmatory evidence that such wandering larvae may 
find their way back into the lumen of the intestine and that this 
possibility exists as long as the parasites remain alive. 
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Plate XIV.—Specimen 6584. 17 days after infection. 



I (85x) —Wandering larva on the point of returning to lunion of intestine. 



Fig, 2 (25X).—Small intestine, showing catarrhal enteritis. 
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3 (220X).—As Fig. 2, showing exudate in lumen of intestine. 


Largfe blood spaoes are present, some of wlii(di extend from the 
submucous tissues, through the muscularis mucosae and into the 
mucous membrane. On careful examination these are seen to be not 
haemorrhages as they were at first thotight to be, Imt actually 
distended blood vessels having an endothelial lining. Here again 
the explanation which suggests itself is a mechanical interference 
with the free venous drainage of the intestinal wall by worm nodules. 

18 T)<i,ys after Infection, 

Lamb .V. S^pecinien 0587.—Lesions are present in the small 
and the large intestine. The nodules are situated mainly in the 
submucous tissues' and their structure is very similar to that of 
nodules of the previous c'use (17 days after infection). In some 
nodules, bacteria and/or parasites are present, whilst in others one 
or the other or both of these may be absent. The bacteria are chiefly 
bacillary forms in chains, many with s])ores wdiich appear as refratile 
bodies all along the chain. In Plate XV, Fig. 1, a cross section of 
the ileum is shown; in which there is very marked thickening of the 
serosa. In this thickened portion are numerous bacteria(Fig. 2). 
These were probably responsible for peritonitis here. The exudate 
is now being organised and a good deal of fibrous tissue has already 
been formed. In the same plate, figures 8 and 4, a nodule is shown 
in which the parasite appears in longitudinal section. Within its 
mouth capsule there is a mass of cells which have polymorphic nuclei. 
The cytoplasm of these cells stains pink, and although no eosinophile 
granules can be recognised it is believed that -they are ingested eosino- 
philes. It is not clear if the parasite is primarily making use of 
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Plate XV.—Specimen 6587. 18 days after infection. 



Fig. 1 (8X).- * Section lleuui, shov^ing thickened serosa due to peritonitis. 



Fig. 2 (750X).—As Fig. 1, showing bacteria at extreme margin of the thickest 
portion of the thickened serosa. 
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Fig. 3 (25x) and Fig. 4 (22()X).—Showing parasite and structure of nodule in 

the submucosa. 
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these cells for food purposes, or if it merely devours them in order 
to protect itself against their attacks. Il does not seem likely that 
the parasite could decrease materially the actual numbers of these 
cells in this way. To what extent the possibility exists that the 
ingfested eosinojdiiles have a special biological significance, leading* 
1o an immunity of the parasite against their attacks, is at the moment 
entirely spec.ulative. Should this be the case, the life of these 
wandering larvae would be considerably prolonged and the damage 
they inflicl would (‘onsequently be greater. In several places there 
are darkly bluish staining (haenialum-eosin) hyaline masses, which 
lie closely applied to the parasite. An occasional eosinophile is 
])reseni in the substance of these masses. This is obviously an acid 
substance w’hich is taking tlie basic stain. It may possibly be secreted 
by the parasite itself. Its significance is not understood. 

Towards the periphery of the central stiiictureless mass intact 
eosinophiles and in sf)n]e nodules probably also neutrojdiiles can be 
identified. This is surrounded by a small zone c.onsisting of fairly 
large cells, having i\ faintly staining cytoplasm, which sometimes 
appears to l)e markedly vacuolated. Some of these cells hav(^ mon» 
than one niudeus. They are regarded as epithelioid cells and the 
parasite seems to have made a circular tract all along the epithelioid 
zone. In the epithelioid zone one sees now for the first time occasional 
well developed foreign body giant cells. Around this zone there is 
an accumulation of two kinds of cells mainly. These are eosino¬ 
philes and round (‘ells. The round cells are miu'h smaller than the 
epithelioid cells, amongst whicli vsonie of them lie. Their nuclei 
stain rather darkly. These two kinds of (*,ells can almost be said to 
form another zone here around the epithelioid cells. This zone 
merges into a zone of granulation tissue, where fibroblasts are readily 
identified and in phones fibrous tissue has already been formed, the 
whole constituting a capsule. The parasite has now probably become 
imprisoned within this ca])sule, and although it may be possible, it 
seems unlikely, that it would break through this barrier. 

Some nodules cause complete destruction of not only the circular 
but also the longitudinal muscular layers in the wall of the intestine. 
One can well imagine that in some cases nodules may cause a com¬ 
plete break in the plain muscle of the intestine at a particular pbue 
and although as pointed out by Theiler (1921) that this may not be 
the only cause of intussusce])tion in sheep, it probably is the cause 
of complete interruption of perivstalsis and conse(]uent invagination 
(reksiektel in some cases. 

There is evidence of hyperaemia and catarrhal enteritis. Not 
infrequently eosinophiles are seen ditfusely distributed throughout 
the mucous membrane. 

21 arid 22 Daijs after Infection, 

Sheep 23 and Kid 24. Speciviens 6589 and 6589A.—The lesions 
(including peritonitis) except that they are rather more advanced, 
are otherwise very much like those of the previous case. The central 
caseous mass is relatively large (Plate XYT, Fig. 1) and a fair 
amount of calcification has occured. An epithelioid zone is present, 
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Plate XVI.—Spt^cijuen 6589. 21 days after infection. 



Fig. 1 (25X).—Caseating worm nodule with calcification. 



Fig. 2 (220 x).—As Fig 1, showing foreign bodj' giant cells. 

318 










P. J. J. FOURIE. 


but this is not very well defined in some nodules and is then to 
some extent replaced by not infrequent and very typical giant cells. 
(Plate XVI, Pig. 2.) Many of these have the ditfuse distribution 
of the nuclei, usually asso(*ia<ed wilh foreign body giant (;elLs, but 
thep are some in which the nuclei are present mainly towards the 
periphery of ihe (jells and resemble then to some extent the Langhans 
giant (‘ells, usually regarded as tyj)ical for tubenjulosis. No living 
parasites could be demonstraled in any of these sections, neither is 
there any definite evidence of the presence of dead parasites. 

28 J)(ii/s after 1 11 feet ion. 

Lainh F, Speenuen ( 1591 ).— In several places migrating larvae 
arc present in the mucous membrane, but no eviden(‘e of encysted 
larvae was found. The older nodules have more or less the same 
structure as those previously described. Some of the lesions are 
very extensive with conseejuent destruction of a good deal of the wall 
of the intestine. The nodules may actually project Ixyond the serosa 
and extend into the iKuatomuil (*.avity (Plate XYTT, Pigs. 1 and 2), 
or they may cuuse a bulging of the mucous membrane into the lumen 
of the intestine. In such (‘ases there may be an actual ulcer and 
one (*an fre(juently recognise* a small macroscopic hole in siujh nodules 
in the mucous membrane (actually the nodule may also involve the 
tissues, deeper than the mucous membrane). In the (‘entral 
striuitureless mass calcified partiedes are present. Immediately 
aiound the central caseous mass are cells which have a. radiating or 
a palisade arrangement. They are e])ithelioid (‘ells (Platen XVJl, 
Pig. d) amongst which one sometimes finds well developed giant 
cells. The nodules are surrounded by a capsule consisting partly of 
granulation tissue and partly of well formed fibrous tissue. 

Pl.^tr XV11 -’-Sfx'cinien 6590. 28 days after infection. 



Fig. 1 (18x).—Nodule projecting into peritoneal cavity. 
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Day a after Infection. 

Lamb No* 40^3. Specinhen G59J.—Lesions are present in the 
tiubiuueous tissues and extend ri^ht iip to the serosa. Amongst the 
nuclear deliris, polymorphic nuclei can he recognised, but it is not 
l^ossible to say if they are eosinophile or neiitrophile nuclei. Bacilli 
are present, mostly in the form of chains. There is nothing in the 
structure of the lesion which suggests definitely ils verminous origin; 
on the other hand it may be an abscess which may be secondary to 
the verminous infestation. 


^32 Days after Infection. 

Lanib 4. Specimen 6592.—The usual nodules are present in 
the walls of the intestine. In some nodules one sees for the first 
time unmistakable evidence of dead parasites (Plate XVIJT, Pi^* 1). 

I he disintegrated lemains of the parasite lie amongst nuclear debris. 
Portions of the parasite would seem to be im])regnated >vith calcium. 
Further cabdum paiticles are found scattered irregularly throughout 
the nuclear debris. Towards the periphery of the nodule there are 
not intrequent foreign body giant cells, some of which contain calci- 
fi(‘d imrticles. The whole nodule is surrounded by a capsule, which 
in its inner portions consists of granulation tissue with epithelioid 
cells and fibroblasts and the peripheral portions consist of fibrous 
tissue. 


Plate —Specimen 6592. 32 days after infection. 



Fig. 1 (65 X). —Portions of dead parasite marked by numerals 1, 
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Fig 3 (65x)—Showing structui il rehitionship between epitluliil ^.tiaiuK 
uroiind peripbeiy of nodule and juucous nicinbiane 
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The remains of glandular epithelium from the intestine can he 
seen towards ihe i)eriphery of some nodules situated in ihe submucosa 
(Plate XVII1, Fig. 2). When the serial sections are carefully 
examined, it can be seen that these apparently isolated strands of 
epithelial cells, amongst whicdi goblet cells can be recognised, are 
stnictinally (‘onnected with the mucous membrane (Plate XVlll, 
Fig. 3). It seems that such cell groups may easily become detached 
from their normal structural relationship with the mucous membrane 
and may then ]>robably give rise to anomalies and even tumours. 

40 Days after Ivfret!on. 

Shecy ]14. Specimen 0593.—Numerous nodules, some of large 
size, are jrregularly distributed throughout the wall of the intestine. 
The wall cd' a portion of the intestiru^ is markedly thickened and 
microscopically this thickening is seen to be largely due to an increase 
of the plain muscular tissue. Although 1x4h the inner (drcular and 
the outer longitudinal muscular layers are involved, there would seem 
to be a greater increase of the inner circuilar muscular layer. At the 
same time there would seem to be an increase of fibrous tissue, strands 
of whicli are iiregularly distributed throughout the i)lain musculature 
of the intestinal wall. In the absence of a full post-mortem 
description of this particular animal, one can only speculate as to 
th(‘ cause of this apparent hypertrophy of the plain muscle. The 
possibility which suggests itself is, that worm nodules in the w^alls 
of the intestine caused a partial obstruction to the free passage of 
intestinal iugesta and that this stimulated increased peristaltic 
activity of the plain muscle in the intestinal wall, proximal to the 
obstruction, with couse(pient hy])ertrophy of the ])arts involved. 

45 Days after Infection. 

Lamb ?so. 32. Specimen 0594.—Numerous and extensive worm 
nodules are distributed irregularly throughout the walls of the 
intestine. Some nodules project from the serosa into the peritoneal 
cavity. Where the nodule is attached to the serous surface of the 
intestine, its outer ])ortion (capsule) consisting of fibrous tissues com¬ 
pletely replaces the outer longitudinal muscle fibres of the intestinal 
wall, but ojily involves the inner circular muscular layers very 
slightly. In most cases the nodules are surrounded by well developed 
capsules, wdiich in the case of some nodules (‘onsist of adult fibrous 
tissue, whilst in the case of others the capsule is partly fibroblastic. 
The epithelioid cells, when present, again sliow a marked tendency 
to palisade arrangement. Many giant cells and eosinophiles are 
present. The central portion is mostly structureless, calcification is 
taking place, but is not very extensive. Parasites (*an be readily 
identified in some nodules, but it is not known if they are dead or 
alive. Bacteria could not be identified in any of these nodules. 

56 Days after Infection. 

Kid No. 44. Specimen 6595.—Nodules similar to those of the 
previous case (45 days after infection) are present. Very many 
eosinophiles are distributed diffusely throughout the mucous mem¬ 
brane even in portions of the intestine where no nodules are present. 
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It is not clear if the eosinophile reaction is partly or wliolly clue to 
the action of adult worms which may be present in the lumen of 
the intestine or if it is a reaction which must be associated with the 
nodules present in the deeper portions of the wall of the intestine, 
even though such nodules may be situated some distance from parts 
of the mucous membrane where numero\is eosinophiles are also 
present. No definite evidence of the presence of bacteria was found 
in the sections examined. 

71 D(iys after Infection (2 lambs). 

(1) Lamb 29. Specimen 0596.—^Nodules are present in the small 
and large intestines. At the ileo-caecal valve, lesions are seen in 
both the ileum and the caecum. Here there is very extensive 
destruction of the wall of the intestine. In places the entire mucous 
membrane, the submucosa, the circular and the longitudinal 
muscular layers are comj)letely replaced by a homogeneous necrotic 
material, which stains pale pink with haemalum eosin and in which, 
in addition to very many bacteria, there is present also a certain 
amount of fibrosis. Where the living and dead tissues meet, there 
is a zone in which the nuclei of the cells are seen in various stages 
of necrosis. Beyond this, in the living tissues, there is marked 
increase in fibrous tissue, in which a fair number of neutropliiles and 
a greater number of larger round cells are present. Eosinophiles 
are conspicuous by their absence. The lesion, almost certainly 
initiated by nodular worm larvae, has now the typical structure of 
an ulcer, in which not parasites, but bacteria play the principal 
aetiological role. 

The structure of worm nodules, uncomidicated by liacteria, in 
other portions of the large intestine, is well shown in Plate XTX, 
Figs. 1 and d. The central stiuctureless portion stains an intense 
pink colour with haemaluin-eosin. There does not seem to be any 
calcification at all. Immediately around the central portion of the 
nodule are a number of giant cells. Some of them are typical foreign 
luidy giant cells, but most have nuclei arranged aiound the peri¬ 
phery of the cell, in which respect they resemble to some extent 
Langhans giant cells, hii places there are collections of considerable 
numbers of eosinophiles. Epithelioid cells and fibroblasts are 
UK'onspicuous. The whole is surrounded by a well developed fibrous 
capsule. Eosinophiles although j)resent in the mucous membrane 
are not numerous. 

(2) Lavib No, 13101. Speeiine^i 6597.—The nodules themselves 
are similar in structure to those of lamb 29, except that they are 
perhaps more extensive (Plate XX, Fig 1 and Plate XIX, Figs. 2 
and 3) and that a fair amount of calcification has occured (Plate XX, 
Fig. 3). In some of the lesions, w’hich as far as can be determined 
from the examination of serial sections, are not in any way associated 
wu'th ulcer formation, very numerous bacteria are present. In some 
of the nodules the remains of dead parasites are seen. The detailed 
structure can no longer be recognised, but only the bare outlines of 
the parasite can be seen. In others the parasites are in such a good 
state of preservation that the probability of their still being alive 
is very great (Plate XX, Fig. 2). 
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Plate XTX.—71 clays after infection. 



1 (IHx). -Specimen 059(1. Nodule under serosa. 



Fig. 2 (18 x)—Specimen 6597. Submucous nodule. 
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Fig. 3 (120 X). —As Fig. 1. vShowing giant cells. 



Fig. 4 (120 x).—As Fig. 2. Showing giant cells. 
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Pi vri< W —Spotjinen 6t597 71 cla^«, attei infection. 



Fig 1 (6x)—K\teiisi\o lesions in the wall of the intestine 



Fig 2 n20\) —As fig 1, showing section oi the parasite 
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Fig. 3 (120X).—As fig. 1, showing oalolfication. 


100 Days after Infection. 

Lamb No. 34. Specimen 0598.—^Well encapsulated nodules are 
present in the submucous tissues of the small and large intestine. 
There is no definite evidence of calcification. In some places 
numerous eosinophiles are diffusely present in the mucous membrane 
itself. Xo bacteria can be recognised. 

Material from animals known to be infecled for exact periods 
beyond 100 days was nbt available for examination. 


SHORT SUMMARY OF THE PARASITIC LIFE OF THE 
LARVAL STAGES OF OESOPHACOSTOMUM COLUM- 
BIANUM IN LAMBS. 

(1) 12-24 Hodhs after Infection. 

Twelve hours after infection larvae are demonstrable in the 
mucous membrane. During this time primary parasitic migration 
may take place, producing an eosinophilic reaction in the mucosa 
and sonietiines lesions like those of the early stages of a haemorrhagic 
enteritis. 


(2) 24 Hours to 4 Days after Infection. 

The larvae encyst against the muscularis mucosae. The miiscu- 
laris mucx)8ae seems to be merely a convenient mechanical obstruction 
to the further penetration of the larvae into the wall of the intestine. 
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The cyst wall coJisisis of a delicate jneinhrane whicth iu n micro¬ 
scopical seciiou has a threadlike appearance, and the nature of which 
could not he deterniined with certainty. The larva is coiled within 
the cyst, in which, in addition to the larva, there are red cells and 
sometimes structureless, pink stainin<>* (with eosin) fluid, whicli 
probably consists in part, if not entirely, of haemolysed red cells. 
Any eosinophile attack directed at»*ainst the encysted larvae, if at all 
])resent, is sli<»ht. It does not seem as if the encysted larvae carry 
i)acleiiu which produce pathological disturbances in the cA^ts them¬ 
selves. Two kinds of cysts can be distinguished, viz. (1) those in 
whicli there is very little tissue reaction, with only slio-ht hliroblastic 
activity and (2) those in which greater fibroblastic, activity is inesent, 
resulting in the formation of a well defined cajisule. Larvae in sucli 
cysts may be imprisoned there as suggested by Veglia (ITJd), but 
no evidence of d(*ad larvae ^vas ever found in the mucous nieinbraue. 

(2) r» Days aktku Infkcthlv et scq. 

Secondary parasitic migration takes place. In one case an euiijitv 
cyst was found three days after infection indicating that in some 
cases se(*oiidary parasitic migration may (‘•ommence somewhat earlier 
than was thought to Ikj the case b\ Veglia (1J123). This migration 
may occur {a) normally and {h) abnormally. 

(r/) Normal accondarkf parasitic mi prat ion, —The fourth stage 
larva emerges from its cyst. The mnseiilaris mucosae i^ a m(*(*hani- 
cal ohstruction to its deeper penetration into the submucosa and the 
parasite is directed ibrougb the mucous memlirane toAvards the lumen 
of the intestine. During its passage through the nincoiis membram' 
a secondary eosinophilic*, reaidion (as against the primary eosinopbilit* 
reaction, during the primary ])arasitic migration jiiior to encystment> 
takes ])lac*e, and eosinojiliiles may be found cliftiisel\ distributed 
throughout the imic*ous membiane. Although unmistakable evidence 
that fourth stage larvae in the lumen of the intestine* as well as 
adult worms c*an produc*e a dilfuse eosinophilia in the mucous mem¬ 
brane, Avas not found, there is a ])C)ssibility that tliis may oecni*. In 
the normal migration of fhe larvae, nodules do not form iu the Avails 
of the intestine. In such c-ases numerous adult AAorms may eventually 
be present in the lumen, Avlien only oec'asional nodules are found iu 
the Avails, of the intestine. 

(b) Abnormal secondary parasitic miyrniion .—Lor reaMUis Avhich 
are not understood, the, larvae ])enetrate the mnseiilari> mucosae. 
Once they liave done this, the> seem to loose all sense of diic'c lion and 
Avandei- about in the tissues deej)c‘r than the miisc’ularis mucosae. 
During this fime an intense eosinophilic* reac-fion is ])i<)duc*ed and 
after a time the nodule forms. The very young nodule cousiNts of 
eosinophiles and the j)arasite. 'Within a fW days (S days after 
infection) some of the eosinophiles disintegrate. This eosinophilic*, 
disintegration is fhe cause of the formaticni of file central structure¬ 
less portion of the nodule. IIoAAever, in the c ase of some nodules, 
bacterial activity may contribute to the formation of the central 
structureless portion of the nodule. Latew on calcification may take 
place. Towards the periphery of the nodule granulation tissue and 
intact eosinophiles are present. The granulation tissue consists of 
fibroblasts and epithelioid cells. Later on giant cells are seen and 
eventually a Avell developed fibrous c,a])sule is formed, 
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In wandering about in the walls of the intestine, the larvae 
may produce very marked destruction of the normal tissues, leading 
to physiological disturbances associated with a partial stenosis or 
even interrupted peristalsis (invagination). However, it seems that 
very marked tissue destruction may take place in the wall of the 
intestine deeper than the muscularis mucosae, with very little nutri¬ 
tive disturbances, provided no or only very few adult worms are 
present in the lumen of the intestine. If, on the other hand, 
numerous primary and secondary migrating larvae produce gross 
changes in the mucous membrane, bacterial invasion and bacterial 
complications can readilj’ take place. 

During the wanderings of the parasites one of a number of 
things may happen. (1) It may by good foriune, afier repeneirating 
the muscularis mu(X)sae, find its way back to the lumen of the 
intestine to complete its development. (2) The tissues may siuiceed 
in imprisoning the parasite, which then dies there. It is almost 
impossible to prove, but, if as is believed, this is the most usual 
course of events, then the old nodules in the intestine would represent 
the graves of the parasitic cemetery in the walls of the intestine. 
(3) The parasite may perforate the intestine and pass into the peri¬ 
toneal cavity, or may, according to Hall, (kirne and Clunies Koss 
and M(3nnig, already quoted and other authors, even pass to lemote 
organs such as the liver, u^here they eventually die. If the infesta¬ 
tion is such that sufficient destruction of the mucous mem¬ 
brane has occured, with consequent bacterial invasion, a fatal 
peritonitis may take pla(‘e, with i)erforation of the intestinal wall. 
This may explain the hitherto unrecognised cause of some (‘ases of 
peritonitis of sheep, not infrequently met with in South Africa. 

• 

PATHOGENESIS OF OESOPHACOSTOMIASIS. 

In order to understand tjie pathogenesis of the disease a brief 
survey of the outstanding clinical features is necessary. There is 
diarrhoea, accompanied by a very marked emaciation and cachexia. 
No morphological changes in the red cells, usually associated wWh 
anaemia, are present. There are usually no clinical respiratory or 
circulatory disturbances. The worms acdually cause the death of 
the animal, but exactly how they do this, is not understood. The 
immediate cause of death is frequently ascribed to toxaemia and 
exhaustion. At i) 08 t-mortem one usually finds: adult wx)rm8 in the 
large intestine; nodules may be numerous or infrequent; ulcerativt^ 
or other forms of enteritis may or may not be present; very marked 
muscular atrophy; marked serous atrophy of fat with emaciation; 
atrophy of the spleen; degenerative changes of the liver. 

In discussing the pathogenesis of the disease the primary, as 
well as the secondary, factors concerned, wdll be referred to, viz. : 
(1) Toxins. (2) Haematology. (3) Complications: (a) Those of a 
specific nature—bacterial infection—enteritis, perilonitis, etc.; (h) 
those of a mechanical nature: (i) destruction of normal tissue with 
consequent nutritive and other disturbances; (ii) intussusception 
(reksiekte). 
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1. Toxins. 

Ill unpublished work Mdnnig and the writer made an attempt 
to reproduce the symptoms of oesophagostomiasis by repeated injec¬ 
tions into susceptible sheep of extracts made from worms collected 
from sheep which died at Oiiderstepoiirt. The results were entirely 
negative. There is no direct experimental evidence that toxins are 
mainly or even partly resiionsible for the symptoms of this disease. 
However, their presence has been inferred mainly on ( ircumstantial 
evidence. One meets with latal cases of the disease in which 
relatively few nodules are presen I and in which no evidence of 
complications such as enteritis is present, in spite of many adult 
worms in the large intestine. Jn such (lases, the emaciation, general 
atrophy and advanced degenerative changes of a fatty nature in the 
liver, seem to be due to toxic princii)les, derived from the worms 
themselves. However, there is also the possibility that toxic materials 
may be derived from the damaged mucous membrane. Whipple 
quoted by Hewlett (192d) isolated duodenal loops in dogs, with 
rapidly fatal lesults in d()-T2 hotirs time. Similar loops from the 
large intestine were only slightly toxic. Tf these results in dogs 
can b<‘ applied to sheep, there would seem to be a possibility that 
toxic. substan(*es may actually be formed fioni the mucous membrane 
of the large intestine as a result of physiological or other disturbances 
due to the action of the nodular worms. In severe infestations 
when the symjitoms are most marked, such toxi<‘ substances can In* 
formed along the entire length of the large intestine, (as against 
experimental looi)s of Whi])]>le) where the worms are present; and 
even though only a small amount of toxin is formed, its <umulative 
effect over a i)eriod of weeks or months may be quite marked. 


2. Haematology. 

As far as is known a systematic examination of the blood of 
sheep suffering from a ])ure infestation of nodular worms, has not 
been re(‘orded. Fourie (1981) referred to the difficulties exi)erienced 
in producing a ])r()gressive and fatal disease with amongst others, 
])ure faeces cultuies of Oesophaf/onfotn'nm rohnnhidntnn. ^Xeverthe- 
less, with the assistance of Veglia a few^ such cases were produced and 
these are the cases which will mainly be referred to iu so far ns 
the anaemia is concerned. 

The technique pmploy<»d is exactly that referred to by Fourie 

(1981). However, in more re(‘ent work, it w’as sometimes found that 

considerahle difficulty w^as experienced in counting the red cells, as 
a lesult of mac‘roscoy)ic agglntination w^hich took place when blood 
from some sheej) infested with oesophagostomiasis and ancylosto¬ 
miasis, w\as diluted in Hayem’s vsoliition in the ordinary way for 
counting. Such agglutination was almost completely eliminated, in 
the few^ cases wdiich were available for study by heating the Hayem*s 
solution slightly before the blood was added to it. Agglntination 
will not take ydare subsequently if the diluted blood is allowed to 

cool dow’ii to room temperature. How^ever, agglutination wdiich has 

taken place in cold Hayem’s solution will not be broken down 
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appreciably by subsequent slight heating. The detailed results from 
one sheep, the blood of which shoived iiiacroscopic agglutination in 
(jold Hayem’s solution, are reproduced below. 



A. 




B. 




C. 



Dilution in Cold Hayem’s j 

Dilution in Warm Havem’s. ! 

1 ‘ ! 

But Allowed to Cool Down, 

54 

60 

62 

60 

59 

45 

45 

45 

53 

42 

47 

54 

72 

60 

71 

59 

41 

53 

59 

38 

41 

47 

54 

52 

73 

6B 

61 

44 

47 

63 

,59 

36 

45 

48 

52 

52 

tt4 

60 

49 

51 

52 

.54 

51 

49 

55 

47 

46 

50 

263 

267 

243 

214 

199 

206 

214 

168 

194 

184 

199 

208 


9*77 




7*86 



7-85 




A sufficient number of eases of this type of agglutination v\as 
unfortunately not available for repeated observation, but to judge 
from the above case it would seem that although the total counts in 
(B) and ((5) correspond almost exacly, the distribution is much more 
uniform in the w’arm Hayem’s diluting fluid which was subsequenlly 
allowed to cool down before counting (C).* 


Haematology of Sheep 14512 and 15970 {Pure Injection Oesophagos- 
tomuisis) and 11899 {Miited Infection Oesophagostomum 
columb. and Haemonchus contortus). 

Twelve worm free sheep were* infected with faeces cultures of 
nodular worm larvae. Of these only three (14512, 15970, and 11899) 
developed a progressive diwsease from which they died. On post¬ 
mortem examination death was found to be due to a pure infestation 
of (teaophagostorny ill columhianvtn in sheep 14512 and 15970 and a 
mixed infestation of Oesophagostomum colunihianmm and Ilacmon- 
chus aniiortus in sheep 11899. The haematological observations con¬ 
cerning these three sheep, are recorded in Tal)le 1, (Iraph 1 (sheej) 
No. 14512), Table 2, Graph 2 (sheep No. 15970) and Table 3, Graph 3 
(sheep No. 11899). 


Haematology of Sheep 14512. 

The exact age of this animal is not known, but it was under six 
months. Infection was commenced on the 28th July 1920, at the 
rate of 200 larvae every second day until a total of 1,000 larvae had 
been given. 

Faeces cultures w’ere positive on the 7th, 9th, 29th, and 30th 
September 1926, On the 2nd October 1920, the animal was in poor 
condition and had diarrhoea. On the 11th October 1920, the condi¬ 
tion of the animal was very poor and it was weak. The animal died 
on the 15th November 1920. 

* The statistical analysis of the above figures made by Mr. A. P. Malan 
(Statistician) confirmed this. 
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Infection commenced 28.7.26 at the rate of 200 Oesophagostomum hnrae every second day until 1,600 
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CluiJiges in the lied Celia .—There is a continuous decrease in 
the number of red cells almost up to the time of death. It is not 
olear to what extent this decrease in the nuiuber of red cells may be 
due in part to a normal decrease which may take place in the blood 
of young animals us they grow older, hraser (1929/30) refers to 
variations in the number of red cells of the sheep of different age 
groups. Unless one can make systematic haematological observations 
on the blood of a sufficient number of lambs from birth and until they 
are adult, no reliable conclusions as to the (dianges which may occur 
in the number of red cells in sheep as they grow older can be drawn, 
particularly in view of the variations wdiicdi are known to occur in 
the number of red cells of the same sheep as pointed out by Wirth 
(1931) and Fourie (1931). 

The animal still had more than eight million cells per c.c.. of 
blood when it died. This can be a more or less normal count for some 
sheep. Xo morphological changes usually associated with an 
anaemia were present in the red cells. Obviously, therefore, there is 
no primary haemopoietic or other disturbame in which the number 
of red cells can be regarded as deficient ( clinical anaemia) in spite 
of the oligocythaemia which is admittedly present. Any changes in 
the decrease of the haemoglobin and the jiercentage volume of red 
cells, seem to be entirely de])endent on the decrease in the number of 
red cells already referred to. 

The oligocythaemia may be due (o a diininshed efficiency in 
the normal function of the haemopoetic organs, which may also be 
involved in the general atro])hy characteristic of the disease. If 
this is the case the toxins may interfere with the normal regenerative 
changes which are constantly taking pla(‘e in the haemo])oeti(‘ system, 
with the lesult that the replacement of worn out cells does not occmr 
normally and a gradual deciease in the number (»f red cells is then 
inevitable. Tht*re is no direct experimental evidence in support of 
this view. Furthermore, there is no a])preciable morphological 
differences l)etw’een the cells of this animal in the earlier stages of 
infection (9.<S.192(i) and at the time of death. If there is any atro])hy 
of the bone marrow', it is conceivable that the bones themselves would 
be subject to similar changes in this disease and although a special 
examination of the bojies was not included in this study one w’ould 
exi)ect that an.y defect of the bones such as brittleness would be 
revealed by a predisposition to fractures. This is not a clinicial 
feature of the disease. Xevertheless, it is possible that atrophy of 
the haemopoietic system, resulting in oligocythaemia, but not to the 
extent of clinical anaemia, may similarly affect the bones themselves 
to a moderate degree only, so that in acJual ])ractice a predisposition 
to fractures is not present. 

Changes in the Leucocytes .—The figures presented in 'ruble 1 
and (Ira])h 1 loose a gcmd deal in value on account of the fact that 
preinfection counts were not made and in view' of the likelihood that 
a number of larvae may already have commenced and some even 
completed their secondary parasitic migration, when the first counts 
were made 12 days after infection was commenced. 

There wmuld appear to be a definite leucocytosis on the 20th and 
the 2Tth of September (more or less two months after infection). 
"This is caused mainly by^ an increase in the number of neutrophiles. 
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Durin^^* the next two weeks there Avoiihl almost seem to be a collapse 
in the total number of leucocytes, affecting* mainly the neiitrophiles,. 
an observation which tends to support the view in favour of a 
possible atrophy of the blood forming tissues previously postulated,, 
particularly as this occured at a time wdien a similar kind of collapse 
in the number of red <5ells took place. During the later stage of the 
disease the neutrophile counts are definitely high, but the total 
number of leucocytes do not reach the same high levels as on the 
20th and 27th of September. Not knowing the preinfection normal 
counts, it is useless lo calculate the absolute numbers of neutro])hiles. 
and lymphocytes elc. This is unfortunate, as there may merely 
have been a relative neutrophilia, which possibly could have been 
accounted for by a lymphocytic leucopaenia as a result of a ])ossible 
p'eater atro])hy of the lymphoid tissues. Probably the neutrophilia 
indicates that bacterial (*om]dications are taking jdace and if thete is 
a certain amount of atrophy of the blood-forming tissues, the neutro¬ 
phile counts will not reach the same high levels as would be* the 
(‘ase with a noimially reacting bone marrow*. 

EosfnophIJes. —There is a very stee]) as(*ent in the eosinophile 
curve wdiich reaches its peak (27 per cent.) six weeks after infection 
w'as commenced, and then subsides gradually until the death of the 
animal. The peak of the eosinophile counts occur(‘d at a time when 
the total leucocytic (H)unts wej*e relatively low\ It these total counts 
can be regarded as more or less normal, the possibility wliich suggests 
itself is that previous to, or, during the time that the eosinophile 
counts were increasing, there w'as no significant reaction in the 
myeloid tissues and that the eosinophiles w^ere produced elsewhere 
possibly in the lymphoid tissues of the intestine. This is not 
iiicxjmpatible with the view’ prevu^usly expressed that an eosinophilia 
may indicate that the a(*tive tissue verminosis has been compleled, 
when these cells are temporarily released into the (’ir(*nlation. The 
subsidence of the eosinophiles may be due to either (1) a diminished 
or (2) an increased effect of the parasitic*, factor. 

(1) The Diminished Effect of the Purasttic Farttfr. —The last 
dose of infective larvae.w’as administered just about a mouth before 
the peak of the eosinophile counts occnrerl. During this time the 
larvae should all have com]deted their noiinal secondaiy parasitic 
inigration, so that from this source there should be no .stinnihis for 
the production of eosinophiles. Also it is possible that during this 
time there may be a decrease in the effects produced by abnormal 
sec'ondary parasitic migration, but no definite statement to this effect 
can be made as it seems that until the parasite dies or finds its way 
back into the lumen of the gut, the abnormal parasitic migration 
may continue indefinitely. It is not knowui w-hen the parasites will 
die and the factors such as food, age, general hygiene of the sheep 
etc., w’hicdi may influence the life of the parasite, during parasitic 
migration are not underst(K)d. 

(2) Hie l7icTensed> Effect of the Parasitic Factor. —This may 
cause atrophy of the tissues w’hich produce the eosinophiles. During 
the two w’eeks subsequent to the time that the peak in the eosinophile 
counts w’as reached, there is a very definite increase in the total 
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leucocytes, iiccoiinted tor exclusively by lU] increase in the luiinber 
of neiitropliiles. This speaks against a myeloid atropliy during this^ 
time. Similarly the increase in the ditt'erential lymphocytic counts 
which occured during the latter part of Octobe]’ may l)e jegarded as 
evidence against atrophy of the lymphoid tissues. But here again 
the differential counts may be a very unreliable index of the true 
stale of affairs as actually there may have beeji a neutro])liile leuco- 
paenia during this time, a(‘counting for the relative increase in the 
number of lymphocytes. 

The haematological changes can be summaijsed as: Oligocy- 
thaemia but no clinical anaejnia; eosinophilia which subsides 
gradually during the later stages of the disease; neutro})hilia prob¬ 
ably indi(‘ating that bacterial complications are taking place, but 
there is a possibility that, especially during the two weeks before 
death, the neutrophilia may be merely relative and i)ossibly due to 
a l\mpho(‘ytic leucopaenia. 


Hacmaiolo^jf oj Slicejf 15970. 

This animal was a contrcd in a wireworm experiment but later 
(8th February 1927) it was infected with nodular worm larvae at the 
rate of 5,()()() per day until 85,000 had been given. The animal died 
18 days after infection and because of the acute course of the dist*ase 
tin* haematological observations do not reveal any significant changes, 
except for a leucocytosis six days after infection and about a week 
before the death of the animal. 

This case has been included here mainly on a(*courjt of its spec ial 
pathological interest. Jt is a twm-tooth ewe in fair condition. There 
are man\ erosions and even ulcers especially in the mucous membrane 
of tin* small intestine. In many jilaces there is perforation of the 
intestine, jiarticularly the ileum. The y^erforations as seen from 
the seiosa are discrete and more or less e11i])tical defects, w ith raised 
borders, yn'esenting a jiathological picture almost identical to tlie 
case previously described (Plate XI FT). When* yierforation has 
occuirred the omentum is adherent to the intestine. There is a fibrinous 
peritonitis from which the Paeudomonas pifocifunea was iMilated in 
yjracdically pure culture. The (‘aecum vshow»s an acute haemorrhagic 
enteritis. There are numerous nodules in the small intestine, but 
only a few^ in the large intestine. The liver shows well marked 
fatty degeneration. Fnfortunately there is no recoid of the number 
of parasites yiresent in the lumen of the intestine, and an examination 
was not made for the fourth stage larvae in the yieritoneal cavity. 
Ifere then, is a case in w^hich a young sheep w^as subjected to a gross 
infection with nodular wwm larrae and in which in numerous cases, 
there was abnormal secondary parasitic migration, leading to perfora¬ 
tion of the wnill of the intestine. As a result of the extensive 
destruction of the mucous membrane and other parts of the intestine 
by primary and secondary migrating larvae, bacterial infection took 
ydace and later caused the peritonitis wdiich w’as the immediate cause 
of death. 
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Guaph II. —Sheep 16970. 
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Haematology of Sheep 11899, 

This case has been included here in order to show the type of 
blood picture which can be expected with a mixed infection of 
nodular and wireworms. Infection with nodular worm larvae was 
commenced on the 10th November 1925, at the rate of 200 or 5,000 
larvae every second or third day, until a total of 51,400 larvae had 
been given. In the course of time, the animal became also grossly 
infected with wireworms accidentally. 

The animal died on the 11th February 1920 and showed on 
post-mortem examination: Very marked anaemia (hydraemia, pale¬ 
ness of all miUH)U8 membranes); cachexia, with serous atrophy of 
fat; general atrophy of organs and the musculature; degenerative 
changes of the myocardium, liver and kidney; worm nodules, severe 
infestation with nodular and wireworms. 

On referring to Table 3 and Plate XXI, it will be seen, that 
the outstanding morphologi(;al changes in the red cells are those of 
poikilocytosis and anisocytosis, and that cells showing punctate baso¬ 
philia were definitely not present to the extent they occur in most 
cases of haemonchosis, according to Fourie (1931). Fourie further 
believes that punctate basophilia in haemonchosis indicates regenera¬ 
tive changes and is a sign of active haemopoiesis. The fact that these 
cells are present to a slight degree only in this case of mixed 
infection, may possibly indicate that the nodular worms have caused 
ntroijhy of the haemopoietic tissues, as a result of which active 
regenerative changes which are usually caused by a well developed 
w’ireworm infestation, with its resultant, anaemia, are now^ largely 
dominated by degenerative changes, the atrophied bone marrow^ being 
no longer able to respond efficiently to the stimulus for active 
regeneration. * 

Haematology of Sheep 18000, 17995, and 18344. 

In viov of the possibility that eosinophiles in a sheep infected 
wdth iiodiilar worms may he produced outside the myeloid tissues, 
total and differential wffiite cell counts were made from blood 
collected from the jugiiljar, aorta, caudal vena cava, mesenieric veins 
and, in some cases also, from the portal vein, from two sheep (17995 
and 18344) infected wdth nodular worms, as well as from a control 
uninfected sheep (18000). 

The sheep w’ere infected on 2Gth September 1927 and blood was 
collected under anaesthesia ten days later. 

In the control sheep eosinophiles were found to the extent of 
1 per cent, in the jugular vein, hut none were found in the other 
vessels, when 200 cells were ocmnted. 

In sheep 18e344 the eosinophile counts were: jugular, 1 per cent; 
mesenteric, 6 per cent; and aorta, 3 per cent. In sheep 17995 the 
smears were such that differential counts could not be made, except 
in the case of the mesenteric vein, where no eosinophiles were found. 
Although the percentage of eosinophiles is fairly high especially in 
the mesenteric vein of sheep 18344, no reliable conclusions can be 
drawn from these results. Such an experiment can supply reliable 
results only, if total and differential counts can be made at varying 
periods after infection. 
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8heei> No. 11899. 

Infection with Oesophagostomum columbiaiium larvae canitnenced !(>. 11.25 at the rate of 200 or 5,000 larvae 
every second or third day until 51,400 larvae had heen yiven. Infection completed 23.12.25. Animal 
died 11.2.26. 
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Red Count 
Haemoglobin —■ 
Volume •••••• 


White Count mmmmmm 
Lymphocytes —i — 
Neutrophiles •••••• 


Graph III. —Shekp 11899. 
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Platf XXr — sheep 11899 Mi\od infettiori Haemonchus and 
Oesophagostoniiasis 



Fig 1 (1250X)—27 1 26 Poikiloo tosis 



Fig 2 (1250 x)—29 1 2C Anjbocytosis 
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Fig. 3 (1250 x).—5.2.20. Poikilocytosis and. anisocytosis. 



Fig. 4 (1250x).—Poikilocytei^ and anisocytosis. 
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('{) CWPLICATIONS. 

{(i) Bacterial Infection. 

As already stated there is no evidence that worms carry patho¬ 
genic bacteria with them durino* primary parasitic mi^^ration. The 
l)rimary mij^rating larvae may, however, |)!()du(*e such »ross anatomi¬ 
cal changes in the mucous membrane, esj)ecially in severe infestations, 
that bacterial invasion of the mucous membrane can take place from 
the lumen of the intestine and produce various forms of enteritis 
(enteritis superficialis). When the animals are ex])osed to continuous 
infection on the pasture, primary and secondary parasitic migration 
will probably be ])resent in many animals at the same time. In such 
<;ases bacterial invasion of the submu(‘osa and other tissues of the 
intestinal wall deeper than the mus(*ularis mucosae can also occur 
and produce dee]) inflammatory pix^cesses in the intestinal wall 
(enteritis ]>i‘ofunda) and ])eritonitis in cases where the serosa becomes 
])erforated. Tf enteritis is ])reseiit the condition may be a contri¬ 
butory fafdor in the ])7-oduction of the diarrhoea characteristic of 
the disease. However, diarrhoea is a symptom in cases which, on 
])Ost-moitem examination, were found to be fi'ee from bacterial 
complications. Therefore in such cases it seems that the parasites 
in the lar^e intestine produce the irritation leading to increased 
motility of the intestine with conseciuent diarrhoea. Exactly how 
they do this (toxins, methods of parasitic feedin/;^, et(‘.) is not known. 

It is very difficult to assess the import a n(‘e or otherwise of the 
rob* played by bacteria in oesopha<»*ostomiasis. There is no doubt 
whatsoever that the parasites can and do produce the death of the 
animal, in cases where bacterial comjilications are not jiresent, but 
to judj^e from the number of erases in which bacteria were shown to 
be present in the deeper portions of the intestinal wall, during' the 
course of this study, there must be quite a number of cases in which 
bacteria are a considerable contribxitory factor in the ])rodmtion of 
symptoms and of mortality. 

{h) Complicalions of a Mechanical Nature. 

(i) Hypertrophy of the plain muscle in the intestinal wall was 
described. It is likely that this may have been due to a partial 
stenosis, as a result of the prevsence of worm nodules and it is con¬ 
ceivable that in some cases a complete stenosis may be produced. 
One would think that the actual destruction of the tissues of the 
intestinal wall may lead to nutritive divsturbances in those cases where 
very numerous nodules are ])resent. This would not seem to be the 
case. One retieatedly finds, at post-mortem, very numerous nodules 
in animals which are in excellent condition. In such cases any 
bacterial invasion which may have occured has piesumably been 
overcome and any adult worms which may have been present have 
been o-ot rid of. 

(ii) Intussusception (Tieksiehte ).—This is a condition which is 
sometimes met with in South African sheep. Whilst there is no 
evidence that this condition is always caused by oesopha^^•ostomlun 
nodules, there is, in vsome cases of oeso])haf»*ostomiasis, a very definite 
anatomical basis for the development of the condition. In these 
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cases the larvae cause complete destruction of the circular and longi¬ 
tudinal muscle fibres at a particular place during abnormal secondary 
parasitic migration. As a result of this, peristalsis may becjome 
completely interrupted here and invagination may take place. 


SUMMARY OF THE PATHOGENESIS OF 
OESOPHACOSTOMIASIS. 

(1) Although toxins for the experimental reproduction of the 
disease have not actually been obtained from the nodular worms, 
there is very strong circumstantial evidence that during the (‘ourse 
of the disease poisonous substances are foj'ined and that these can 
produce the symptoms, lesions and death in the absence of ba(‘terial 
and other complications. 

(2) Although insufficient cases were available for haematological 
study, there seems to be a possibility that the toxic action of the 
parasites may also produce a certain amount of atrophy of the 
haemopoietic tissues leading to oligocythaemia, but a deficiency of 
the red cells to the extent of a clinical anaemia was not observed. 

In some cases there is an eosinophilia. Whether this is due 
to their increased production in the myeloid tissues and their sub¬ 
sequent mobilization, or, whether they are produced locally in the 
walls of the intestine and are released temporarily into the circulation 
at the conclusion of the active tissue verminosis, cannot be stated 
with certainity. 

(ti) In some cases bacterial complications producing various 
forms of superficial and/or deep enteritis, as well as peritonitis, are 
contributory factors in the causation of symi:)toms and mortality in 
the disease. 

(4) In some of the lesions there is a definite anatomical basis, 
for the development of partial stenosis and intussusception. Apart 
from such accidents, the nodules themselves, even though they may 
be responsible for very extensive tissue destruction, do not seem to 
produce nutritive or other disturbances, in the absence of parasites 
in the lumen of the intestine and in the absence of bacterial 
complications. 
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Studies on the Photosensitisation of Animaia 
in South Africa. 

IX. The Bile Flow of the Merino Sheep under 
Various Conditions. 


By J. I. QUIN, Seotioii of Physiolo^fy, Oiulersteimort. 


Introdiktiox. 

L\ a series of artieles 19'M, 19^]5) which apj)eare(l under Ihe 

above general title, various experiments were described in which the 
main object was the ehuddation of the ‘‘ g'eeldipkop ’’ problem in 
South Africa. From the results obtained one was forced to the (‘on- 
(dusion that in the symptom complex of this disease two distinct 
factors had to be (‘ousidored. Firstly there was the severe generalised 
jaundice and secondly the acute })hotosensitisation of unpigmented 
animals leading to necrosis and subsequent deformity of the facial 
skin. In considering the problem from different aspects, it was at 
one time tliought possible that the one symptom could be the direi't 
cause of the other. Thus it was thought that some normal biliary 
('onstitueiits, e.g. the bile pigments themselves when present in exces-- 
sive amounts in the general circulation, could undei‘ certain circum¬ 
stances give rise to jdiotosensitisation. Alternatively is was thought 
l)ossible that photosensitising principles present in the plant Tribulus 
or elaborated in the animal body after ingestion of the plant, might 
be the cause not (uily of a primary photovsensitisation but also of a 
secondary jaundice through some derangement of the normal liver 
function. However, numerous experiments conducted in this light 
have failed to j)rove— 

(1) that any photosensitising principle may in itself be the 

cause of jaundice, and 

(2) that normal bile or any of its constituents when })resent in 
excessive amounts in the circulation could give rise to 
symptoms of photosensitisation. 

Moreover as far as could be ascertained from the (uirjent literature, 
no conditions are recorded in which these two symptoms have any 
bearing on each other. 
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With regard to the i)hotosensiti?iiig factor in geeldikkop, Rimiiig- 
ton and Quin (1934) were able to show ihat the plant porphyrin, 
phylloerythrin was directly responsible for the symptoms of light 
sensitivity. It is formed in the digestive canal of many animals 
feeding on chlorophyll containing materials, and after its absorption 
into the portal circulation is normally excreted by the liver in the bile 
and thus passed out with the faeces. Should the excretory function 
of the liver be deranged, so that increased amounts of bile and thus 
also of phylloerythrin are present in the circulation, symptoins of 
photosensitisation may appear at any moment, provided the animals 
have unpiginented skins and are exposed to sunlight (see article () of 
this series). Furthermore, injections of phylloerythrin into healthy 
sheep provoke acute photosensitisation without any signs of jaundice, 
thus acting in the same w'ay as other photosensitisors such as 
haematoporphyrin, certain fluorescent dyes, and hypericin (Quin 
1933, 1934). One was thus forced to conclude that the jirimary dis¬ 
turbance in geeldikkop caused by Tribulus or by various other plants 
responsible for this peculiar symptoms complex, consisted in some 
derangement in the normal bile flow^ from the liver whereas the 
I)hotosensitisation was of a secondary and j)urely accidental nature. 

The main problem therefore resolved itself into attempts at 
elucidating the icterogenesis caused by Tribulus and other materials 
showing a similar effect. It must how^ever be admitted that so far 
all attempts have failed in demonstrating an icterogenic principle in 
these plant materials except in the case of certain species of Lippia 
and to W’hich reference wdll be made later on. In Tribulus for 
example this factor must be of an extremely labile character seeing 
that the plant may be harmless at one moment and decidedly 
dangerous soon afterwards. 

Furthermore the liver in geeldikkop cases shows very little 
morphological change microscopically except for the bile staining. 
Hence the disturbance appears to be largely functional in that it is 
not regularly accompanied by any of the wellknowm structural altera¬ 
tions 

In view of these difiiculties in explaining the action of Tribulus 
on the liver it was decided to make a closer study of the normal bile 
flow' in Merino sheep and to ascertain how^ this was influenced by 
different factors. As can be gathered from the large volume of 
literature published, studies on the bile excretory function of the 
liver have commanded the attention of many workers in differenf 
parts of the wrorld. Not only can bile be regarded as one of the most 
peculiar excretions of the body but through a variety of causes (some 
know'n and others unknowm) liver derangement may lead to definite 
symptoms of which jaundice is perhaps the most striking. 

In a comprehensive article by Rich (1930) it is pointed out that 
the development or non-development of jaundice depends on the 
balance struck between the amount of bilirubin delivered to the liver 
and the capacity of the liver to excrete it. Thus with a normally 
functioning liver, excessive amounts of bile pigments are readily 
-eliminated whereas under certain circumstances great difliculty may 
be experienced in the exretion even of small amounts of bile. The 
problems of liver derangement are further complicated by the fact 
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that no strict relationship seems to exist between the type and extent 
of liver damage and the degree of jaxiiidice developed. Thus it is 
peculiar that in many cases of severe fatty changes of the liver or in 
extensive cirrhosis the icterus may be only very slight or completely 
absent. On the other hand as pointed out previously, the liver in 
geeldikkop may show practically no morphological change and yet the 
icterus may be most intense. 

In studying the l)ile excretion, regular examination of the blood 
serum is generally regarded as of the greatest importance since 
Hymans van den Bergli has demonstrated that not only can the bile 
pigments be determined quantitatively but also the type of jaundice 
can be ascertained by the diasso reaction. Beyers (1923), in his mono¬ 
graph on urobilinuria and icterus in herbivorous animals, gives a 
detailed account of these conditions in the various si)ecies. It is 
j)ointed out that whereas a physiological bilirubinaemia is present 
in the horse, no bile pigments are normally found in the blood serum 
f)f adult bovines, sheep, goats, pigs and dogs. The serum of the 
horse, which is normally of a yellow colour, contains 1-2 units of 
bilirubin, whereas in the other species the serum is usually water 
clear or only slightly tinged. 

This indicates that the equine liver treats bilirubin as a substance 
with a definite threshold value, whereas in most of the other species 
it appears to be excreted as fast as it arrives in the liver, i.e. treated 
as a non-threshold body. 

Experimental Procedure. 

1. The Blood Setuvi in Healthy Sheep. 

Clinical jaundice is usually first detected by the yellow dis¬ 
coloration of the visible mucous membrane such as the conjunctiva 
and sclera of the eye Imll and the gums. It is well-known, however, 
that this discoloration only appears when excessive amounts of bile 
pigments have been circulating through the tissues tor some time, 
while progressive absorj)tion of pigment takes jdace. In tissues 
richly supplied by blood even a fairly severe degree of jaundice may 
be masked by the haemoglobin. In order therefore to detect a jaun¬ 
dice in the early stages, or alternatively to ascertain the efficacy with 
which the liver is excreting bile, it is essential to examine the blood 
serum for the presence of these pigments. This procedure has been 
adopted throughout. Experimental animals were legularly bled from 
the jugular vein and 10 c.(*. citrated blood centrifuged at high speed. 
The supernatant plasma was drawn oft' into separate test tubes of 
uniform bore. Thereafter the colour was described as also its depth, 
and the v. d. Bergh reaction carried out where necessary, in all 
cases where the plasma was water clear or practically so, and tin* 
V. d. Bergh reaction negative, this was regarded as indicating a free 
and efficient bile excretion from the liver. 

In order to test out the above ])oint, 12G clinically healthy 
Merino sheep (ranging from 2-4 tooth in age) were bled and the 
plasma examined. The following results were obtained: — 

20 water clear and v. d. Bergh negative. 

100 very slight yellowish trace, v. d. Bergh negative. 

() definitely yellow—direct v. d. Bergh positive. 
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This indicates that by far the greatest majority of these animals 
show a clear or practically clear blood serum free from bile pigments 
while a small minority may be affected by a sluggish bile excretion as 
shown by the colour of the plasma and the j^resence of pigments. The 
healthy Merino sheep may thus be looked upon as an animal with a 
very eflScient bile excretion and in which a physiological 
bilirubinaemia is not the rule. Kegular examination of the blood 
serum therefore serves as an index of the bile flow. 


2. Bile Flow as recorded from Biliary Fisfulae, 

In article 6 of this series the results of exi.)erimental ligation of 
the extra-hepatic bile tracts in sheep were recorded. In order to gain 
a more precise insight into the amounts of bile excreted over given 
periods, a further series of experiments were undertaken. ITor this 
purpose young Merino sheep (2-4 tooth old) and in good condition 
were selected. After a preliminary starvaiion of 24-36 hours a 
laparatomy was performed in the right flank nndej* general anaesthesia 
using chloral hydrate iniravenously. The common bile duel was then 
double ligated with thin silk and severed between the ligatures. An 
S-inch length of fairly stiff rubber tubing (bore 4 m.m.) into one end 
of which a short funnel shai)ed glass tube had been inserted, was 
used as a cannula for the gall bladder. A small incision was made 
through the free end of the bladder and the flanged end of the tube 
tied into the bladder by means of a purse string suture, the other end 
of the tube being withdrawn to the exterior through a stab wound 
close to the laparatomy. Due to the fairly long gall bladder in ihe 
sheep it could as a rule be drawn*up close to the vslab wound. The 
laparatomy w^ound was subsequently closed with tlie xisual three 
layers of sutures. The only dressing used was a thin layer of 
collo on-iodoform over the injured skin. The bile was collected in 
a flat thick-walled glass bottle strapped on to the side of the animal, 
thv5 fistula tube penetrating a tight fitting cork stopper on the bottle, 
{sheep were usually operated on in pairs, and in some inslances where 
liver bile was studied, the cannula was inserted into the neck of the 
gall bladder dose up to the cystic duct w’hile the gall bladder itself 
was removed. All animals were kept on a ration of veld hay, green 
lucerne and crushed yellow maize with water ad lib. Apart from the 
daily recording of the bile flow, the animals were bled each morning 
and the serum examined for i)igment8, as also the conjunctiva foi* 
clinical jaundice. All the faeces was colle(‘ted in linen bags strapped 
on to the animals and weighed at 12 hourly intervals i.e. at 6 a.m. 
and 6 p.m. at the same time that the bile volume was recorded. 
Furthermore the animals were weighed twice weekly. Rectal tem¬ 
peratures were taken in the morning and in the evening. 

The following records w^ere obtained from the different sheep 
placed in experiments: — 

Two Merino hamels (No. 1 and No. 2) were kept under observa¬ 
tion for 6 days prior to operation. During this period both animals 
were feeding very well. In both sheep samples of blood withdrawn on 
several occasions shoxved the serum to be water clear and free from 
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bile pigments. The animals were fed during the day only, all food 
being withdrawn from them at night. The following table indicates 
the w^eight of faeces collected over this period. 


Day. 


Shoep No. 1 
(2 tooth hamcl). 
Weight 57 -6 lbs. 


Sheep No. 2 
(2 tooth hamel). 
Weight 50*5 lbs. 


1. Day. 204 tc^’ams 

Night. 107 


2. T)ay. 1 11*1 grams 

Niglit. I 77 


171 grams 
10 „ 


00 grams 
55 „ 


5. Day. | 110 grams ! 02 grams 

Night. i 24 ,, I 00 


t. Day. • 250 grams ! 178 grams 

NigOil. i:i2 ! 155 „ 


5. Day. I 240 grams i 108 grams 

NigOit.! 154 ., i 100 „ 


0. Day. ' 120 grams ! 130 grams 

Niirht. ! 100 .. ^ 117 .. 


It is thus seen that on an average sheep No. 1 excieied 275 grams 
faeces daily of which 175 grams was passed out during the day and 
100 grams during the night. For sheep No. 2 the corresponding 
figures were 240 grams daily, i.e. 140 grams by day and 100 grams 
by night, llegular examination of tlie faeces show^ed that in both 
shee[) it consisted of w^ell-formed glistening dark green pellets. 

On the seventh day both sheep were operated and a rubber 
cannula inserted into the gall bladder after ligation of the common 
bile duct. Again the faeces w^ere collected as well as all the bile 
excreted. For the rest the treatment remained as before . As will be 
noticed from the accompanying graphs (No. 1 and No. 2) the volume 
of bile eliminated daily show^ed fairly wdde fluctuations, although it 
was flowing freely from the tube. Furtherfore there was no constant 
relationship between the “ day ” yield and the “ night ’’ yield. 
Thus on some days the former w^as slightly greater and vice versa, 
although on the whole it w’as found that approximately^ equal quan¬ 
tities w'ere eliminated by day and by night. Consequently there w^as 
no suggestion of a constant diurnal rythm in the bile excreting 
activity of the liver. The average 24 hourly excretion in the tw^o 
sheep was how^ever remarkably close. Thus for sheep No. 1 this was 
270 c.o. as compared wdth 265 c.c. for sheep No. 2. 

The Bile ,—Daily examination of the bile showed it to be of a 
very dark green colour, although on some days the shade was lighter. 
Usually it was clear and transparent, although again at times varying 
degrees of turbidity w’ere noticeable. The viscosity throughout was 
very low’ due in all probability to little secretion of miunis from the 
bile tracts. Moreover as the bile w’as being rapidly drained from 
the gall bladder little opportunity was given for water absorption and 
hence for a concentration of the bile. 
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Graph No. 1. 

Bilo Volumes of Sheep No. 1. 



Graph No. 2. 

Bile Volumes of Sheep No. 2. 
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The Serum ,—On the whole the blood serum remained water 
clear, although on some days a very slight yellowish coloration was 
noticeable and giving a doubtful direct van den Bergh reaction. 
From this one is led to conclude that the bile excretion from ihe liver, 
except for an occasional slight sluggishness, remains very efficient in 
spite of the fact that no bile enters the intestines and thus rendered 
incapable of exerting any cholagogiie action. In sheep No. 1 the 
bile l aiinula sloughed away on the 15th day after operation leaving a 
very small constricted skin wound through whi(‘h practically no bile 
was passing. This was followed by a ra])id increase in bile pigments 
in the serum, which in 48 hours was of a deep yellow colour. At 
this moment too the animal developed acute photosensitisation wuth 
swellings of the lips and ears due to phylloerythrin present in tlie bile 
and regurgitating with it into the general (n‘rcillation. After 4 ilays 
the photosensitisation ])assed off while the serum gradually lost the 
yellow coloration and again became w’ater clear after 8 days, in spite 
of the fact that the fistula wound was completely closed by this time. 
When the animal was killed for post-mortem examination 4 months 
afterwards, restitution of the common bile duct w^as found to have 
taken jdace with bile entering the duodenum in the usual way. 

In shee]) No. 2 the iulie sloughed on the 19th day after operation 
with bile continuing to flow from the skin fistula. On the 2()th day 
the animal was killed for jmst-mortem on account of its poor con¬ 
dition. 

Faeces .— Tp to the time of the sloughing of the tubes the 
appetite of both animals remained good. The average daily yield of 
faeces for Sheep No. 1 amounted to 170 grams and for sheep No. 2 
it was 95 grams. In both cases the consistence of the faeces showed 
little change from the normally well formed pellets. The colour 
however changed from the usual greenish black to a lighter greyish 
brown fidlowing the juevention of bile from entering the intestines. 

Once it was established that by inserting a rubber cannula into 
the gall bladder of a sheep, its total daily yield of bile (*ould be 
caught up and accuiately measured, further experiments were under¬ 
taken with the object of ascertaining how the bile flow could be 
influenced by various factors, i.e. either inhibited or stimulated 


Factors causing iMiiniTioN or Bii.k Flow. 

As indicated previously (article 5) sheep dosed with the plant 
liippia Behmanni (Pears) develop an acute pliotosensitisation accom¬ 
panied by jaundice, both symptoms closely resembling those seen in 
true geeldikkop. In order therefore to gain further insight into the 
genesis of icderus ewspeidally of the obstriudive or regurgitative type, 
i.e. of the factors which inhibit the ])rompt excretion of bile from the 
liver, an extensive series of experiments were undertaken wdth the 
plant Lippia Itehmanni. As will be indicated later, various other 
substances imduding some w^ell-known liver poisons were also tested 
out on sheep although in no case w\as the typical jaundice of geeldik¬ 
kop or Lippia poisoning produced. 
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The Lippia material consisted of large quantities of mature 
plants collected during the summer months. This was dried in the 
shade, then very finely pulverised in a mill and stored in stoppered 
jars. Experimental animals were drenched by stomach tube either 
with watery suspensions of the plants or 96 per cent, alcoholic ex¬ 
tracts after evaporation of the alcohol. 


1. Drenchhiff of Alcoho^lic Extracts of JAppia to Norriial Sheep, 

Seven young Merino hainels (2 tooth) were each dosed with 
alcoholic extract from 500 gTams Lippia and killed at regular 
intervals for post-mortem examination and collection of materials. 
In each cawse the serum was definitely yellow wilhin 24 hours while 
after 48 hours it had changed to a deep brownish yellow and giving 
a strong direct van den Bergh rea(*tion. On the third day all these 
animals showed a light but definite clinical i(‘terus on the sclera and 
conjunctiva. Furthermore at this stage they all became acutely 
photosensitive with swelling of the head and a(‘companied by intense 
skin irritation. No haemolytic processes could be detected as daily 
determinations of the percentage volume of red cells remained constant 
and the serum free from haemoglobin. 


2. Drenching of lAppta to Sheep 'ivith Biliary Fistula. 

As Lippia causes such a prompt bilirubinaemia, it was hoped that 
its quantitative effect on the bile flow would be more clearly shown 
after dosing it to animals with a biliary fistula. The following graph 
illustrates the effect of 500 grams Lippia dosed to a fistula sheep, a 
similar reaction being noted in several sheep treated in this way 
(Graph 3). Thus it is seen that an average daily bile flow of 150 c.c. 
was reduced to 66 c.c. within 24 hours after dosing Lippia. while by 
the 4th day, the flow was practically comjpletely stopped, whereas the 
jaundice rapidly became more pronounced. Furthermore the colour 
of the bile undergoes a nlarked change after dosing the animal with 
Lippia. Thus in an animal showing a continuous flow of dark 
greenish bile from the fistula, when dosed with the alcoholic extract 
from 400 grams Lippia, the colour changes from the dark green to a 
light yellowish green within 5 hours of dosing. After 24 hours it 
changes to a clear pale sea green, whereas 3 hours later the bile flow 
is practically colourless and water clear resembling the socalled 
white bile (see coloured plate). It is only after a period of 4-5 
days when the liver is regaining its power of bile excretion that the 
colour of the bile also deepens, i.e. a renewed elimination of the pig¬ 
ments takes place. At the same time the serum clears up and a 
general improvement in the healih of the animal becomes noticeable, 
since during the period of severe jaundice all animals appear markedly 
depressed with loss of appetite, decreased ruminal movements and a 
stasis of the large intestines resulting in constipation. In this 
respect all the findings appear to be identical with those described for 
true geeldikkop or those resulting from artificial obstruction to the 
bile flow through ligation of the bile tracts (Quin 1933). 
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Factors intended ro cause Siimulaiton of Excretion. 

Seeing that the plant Lipina lii’hnuinni possesses such a strong 
paralysing effect on the bile excretion, various experiments were 
undertaken in an attempt to overcome the jaundice and to le-establisb 
the bile flow. It should be mentioned that in no single case of this 
type of jaundice are the extrahepatic bile tracts occluded, e.g. there 
is no undue distension of any |>art of the tract. Furthermore on post¬ 
mortem, bile flows through easily into the duodenum even after gentle 
pressure on the gall bladder. 

Graph No. ti. 

Effect of Lippia on bile flow of sheep. 



One is thus forced to conclude that some intrahepatic disturbance 
of the normal bile excretion is the primary effect caused by the 
Lippia. That being the (*ase, it was reasonable to exjiect that the 
administration of certain materials might through their cholagogue 
action, stimulate the liver to renewed excretion. With this object 
in view, various materials were tested out, starting with the more 
commonly known cholagogues. 

1. Dosing of Bile to Sheep with a Bile Futtdu, 

Seeing that bile throtigh the action of its contained bile salts, is 
generally regarded as a particularly efficient cholagogue, large (luan- 
tities were collected from sheep and also from other animals for dosing 
to experimental animals whose bile flow in turn, was closely followed 
over definite periods. Four sheep with a biliary fistula were dosed 
with sheeps bile 1,000 c.c. daily for 2 consecutive days. As will be 
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seen from the accompanying graphs of the bile flow of two of these 
sheep (graphs 4 and 5) the average daily yield increased from dOO to 
450 c.c. in the one case and in the other from an average of 220 c.c. 
to 300 c.c, per day over a period ot 4 days. From these results it is 
clear that the dosing of large quantities of bile causes a transitory 
though definite increase in the bile flow of sheep with a biliary fistula. 


Gkaph No. 4. 

Effect of dosing bile on the flow of bile in sheep with fistula. 



In these experiments the object was to ascertain the strength of 
various substances, some of which are reputed to posses definite bile 
driving powers, in overcoming the jaundice caused by the admini¬ 
stration of Lippia. For this pur^iose 28 experimental sheep were used. 
Some of these carried bile tistulae and in which the daily bile’flow 
could be recorded, while in other sheep. daily comparisons of the 
serum (jolour served the purpose of ascertaining the degree of 
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bilirubinaemia and hence the extent to which bile was being 
eliminated from the liver. The following materials were administeied 
to different sheep suffering from the effects of Lippia poisoning, i.e. 
as soon as a definite bilirubinaemia had been established and the first 
sign of clinical jaundice had made its ap])earance. All animals 
received 500 grams Lippia as such or its equivalent amount of 
alcoholic extract dosed through a stomach tube: — 


1. Bile dosed repeatedly in large quantities (1,000 c.c.). 

2. Sodium taurocholate *5 gram intravenously, 

3. Calomel dosed in amounts of *5 to 1 gram. 

4. Magnesium sulphate per os in amounts of 50 grams to 70 

grams. 

5. Aloes 1-2 grams per os. 

5. Castor oil GO c.c. 

7. Castor oil 60 c.c.+ 5 drops croton oil. 

8. Olive oil 120 c.c. 

9. Hexamine and cholic acid 1 gram each per os. 

10. Mercurochrome *05 gram intravenously. 


Graph No. 5. 

Effect of dosing bile on flow of bile in sheep with fistula. 
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All the above-mentioned materials are usually considered to 
exert a purgative action and possibly also some degree of stimulation 
of the bile flow. In every case however the effect produced on the 
icterus of sheep suffering from Lippia poisoning was very dis¬ 
appointing. Although purging ivas eventually caused by the large 
doses of calomel, and magnesium sulphate, this only followed after 
repeated dosing. The jaundice however remained unaffected, the 
bile flow being scanty and the serum charged with large amounts of 
bile pigments. 

In addition to the above, various other forms of treatment were 
tested out in an endeavour to stimulate bile flow after the onset of 
icterus, e.g. by dosing sodium salicylate, quinine sulphate, copper 
sulphate and subcutaneous injections of adrenalin without anv of 
these however producing any beneficial effect. 

In another series of experiments, preventive treatment was under¬ 
taken against the jaundice. Thus, before and also after dosing 
Lippia, sheep were kept on an exclusive laxative feed of green barley 
and green lucerne for two weeks. This howev^er had no influence on 
the severity of the jaundice. Similarly the regular daily dosing of 
250 grams of glucose so as to increase the gly(*ogen content of the liver 
had no effect on the jaundice. In order to prevent the Lipi)ia from 
acting on the liver, attempts w^ere then made to inactivate the toxic 
principle while passing through the digestive tract. Thus two sheep 
were closed daily with 5 grams sulidiur for 14 days before dosing the 
Lippia. In both these cases however the jaundice that tollow’ed was 
particularly severe. Three sheep which were dosed with 500 grams 
Lippia ancl immediately afterwards wdth 4 grams potassium perman¬ 
ganate in water remained healthy •without any signs of photosensitisa¬ 
tion or jaundice developing afterwards. When however in three 
other sheep dosed with Lippia, the potassium permanganate was 
given 24 hours later, it had no effect in preventing the onset of jaun¬ 
dice which was of the usual severity. This indicates that potassium 
permanganate most probably through its oxidative action, can 
inactivate the Lii)pia toxic principle before its absorption from the 
intestinal canal. 

Experiments w^tii Other Liver Poisons. 

Of the various substances knowm to exert a poisonous effect on 
the liver, chloroform, carbon tetrachloride, phosphorus, and man¬ 
ganese chloride are amongst the most well-knowm ones. Experiments 
on Merino sheep were undertaken with each of these materials 
especially with the view of ascertaining to what extent they might 
influence the bile flow and thus lead to symptoms of jaundice. 

Chloroform ,—A full-grown sheep dosed by stomach tube with 
8 c.c. chloroform in olive oil died within 24 hours. The lesions found 
were those of acute pulmonary oedema and congestion accompanied 
by severe fatty changes of the liver and kidneys, without however 
any signs of clinical jaundice. This indicated that chloroform was 
highly toxic for sheep thus necessitating the administration of 
snaaller amounts in subsequent experiments. Thus four sheep dosed 
with amounts from *5 c.c. to 2 c.c. daily for 5 days showed no 
untoward effect. Regular examination of the serum however revealed 

362 



J. I. QUIN. 


a light yellow colour which in s])ite of continued dosing, did not 
reach the stage of a definite clinical icterus. Neither was photosensi¬ 
tisation noticeable in any of these sheep. In one ease the dosing was 
continued for days starting with daily doses of 0*5 c.c. and 

increasing up io 8 c.c. daily until a total amount of 110 c.c. had 
been administered. After the second do.se of 8 c.c. the animal died 
suddenly with symptoms of acute respiratory distress. Th(* only 
lesions that could be found were those of pulmonary oedema and 
fatty (‘hanges of the liver. Although bilirubinaemia was repeatedly 
observed during the period of dosing, no clinical jaundice could be 
established, neither was the carca.ss icteric, (liven subcutaneously 
chlorofrom is far more toxic as amounts of 2 ('.c. have been found to 
cause death within 24 hours with the same lesions as de.scribed above. 

Phosphorua .—This severe liver poison was administered to 
experimental sheep either subcutaneously as phos])horated cod liver 
oil in 1 c.c. doses or as ordinary yellow phosidiorus -01 gram dis- 
.solved in olive oil and dosed by stoma(^h tube. One sheep do.sed with 
a total of 14 c.c. ])hosphorated oil over a jreriod of 8 days showed a 
definitely yellow serum on the seventh day with a direct van den 
llergh reaction (85 mgs. per litre). Clinical jaundice however was 
slight. The animal died on the ninth day with severe fatty changes 
of the liver and catarrhal gastro-enteritis. Jaundice although prCiSent 
was very slight. One sheep injected with daily do.ses of 1 c.c. pho.s- 
phorated oil for 5 days died on the tenth day with a pale yellow 
.serum giving a faint direct van den Bergh reaction. 

Altogether 5 sheep were poisoned with ])hosphorus. In every 
case very severe fatty changes of the liver were noted, the consistence 
being very soft and friable and the organ engorged with blood, 
rxeiieral icterus if pre.seni was slight 

Carhou 7 (^trachloride ,—Two sheep were dosed daily over long 
j)eriods as follows : — 

(a) One sheep was do.sed with a total amount of 524 c.c. carbon 
tetrachloride over a period of 42 days, starting with a daily 
do.se of 4 c.c. This was gradually increased to 20 c.c. of 
which 13 consecutive doses were given before the animal 
died on the 43rd day. Every dose of carbon tetrachloride^ 
was mixed with an eciual voluine of al(‘ohol (9() per cent) 
before dosing. Daily examination of the serum was 
carried out. After the third dose it turned a light yellow 
with a faintly positive direct van den Bergh reaction. 
The serum colour gradually increased to a deeper yellow 
up to a maximum of 29 mgs. bilirubin per litre. 

(b) One sheep was dosed 304 c.c. carbon tetrachloride over a 
period of 35 days in doses as described above, the only 
difference being that the carbon tetrachloride in this (‘ase 
was dissolved in equal volumes of olive oil. The serum in 
this case also turned a deep yellow with a maximum read¬ 
ing of 44 mgs. bilirubin per litre. The animal died on the 
36th day. 
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Both animals were kept on a ration of hay, green lucern, 
crushed maize and meat meal. The only clinical symptoms notice¬ 
able in these two animals during the experimental period consisted 
in a progressive loss in condition, frequent drowsiness, a slight and 
often indefinite jaundice with increasing pallor of the mucous mem¬ 
branes and a gradual drop in the red cell count. 

On post-mortem examination, both carcasses showed considerable 
einaeiation and a well marked anaemia, also pulmonary oedema and 
an extensive fatty degeneration of the liver and kidneys and atrophy 
of the ruminal wall. There was no sign of icterus in the carc'asses. 

Manganese Chloride ^—Two sheep dosed with manganese chloride 
in doses of 5 gram daily and gradually increased to 15 grams died 
on the 12th day after a total amount of 112 grams had been dosed. 
In both cases the serum turned a pale yellow without however clinical 
jaundice becoming visible. On post-mortem examination severe liver 
degeneration w^as the main lesion noticeable. 


Discussion. 

In the various experiments outlined above, attempts have been 
made to elucidate some of the important factors influencing the 
normal bile excretion in Merino sheep. This work w^as undertaken 
primarily with the view of explaining the severe generalised icterus 
seen in the disease geeldikkop caused by excessive ingestion of wilted 
Tribulus plants. In this disease the ictenis is of an exceptionally 
intense paralytic nature in which the liver appeals to lose all power 
of bile excretion, with the result that the bile is regurgitated into the 
blood and lymph stream. Except for the bile pigmentation there is, 
however, little morphologicaf change of the liver parenchyme to 
indicate the type of damage caused. The effect, therefore, seems to 
consist very largely of a functional derangement of the liver. In 
previous articles of this series, it was pointed out that administration 
of the plant Lippia although in no way related to Tribulus, provoked 
a closely similar or identical symptom complex in experimental 
sheep. Moreover the symptoms following surgical obstruction to the 
bile flow appeared to be the same. The only difference between the 
latter condition and that caused either by Lippia or Tribulus is the 
marked cavernous like dilatations of the extra and intrahepatic bile 
tracts above the point of obstruction following ligation of the common 
bile duct. In Lippia and Tribulus poisoning it would appear that 
the liver makes no such attenjpt at accommodating the bile in its 
bwm channels. 

In the sheep there is no physiological bilirubinaemia comparable 
to that found in some other species of domesticated animals. Judg¬ 
ing from the clear appearance of the serum and the absence of pig¬ 
ments from it one can conclude that bile elimination is very efficient 
and that the liver treats the bile pigments as non-threshold bodies. 
In spite of this efficiency, however, the bile flow can be very severely 
depresvsed or totally inhibited in cases of Tribulosis or Jiippia poison¬ 
ing thus leading to a pronounced degree of icterus. From the results 
obtained from sheep with a biliary fistula it is seen that the daily 
hile flow amounts to volumes of over 200 c.c. When, therefore, 
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elimination is interfered with, the severity of the jaundice can be 
well understood. The kidneys under these conditions compensate to 
some degree for the loss of the liver function as shown by the intensely 
yellow brown urine voided. The compensation however is not com¬ 
plete since the jaundice persists as long as liver action remains 
disturbed. 

Investigations carried out on the effect of cholagogues on the bile 
flow of these experimental animals show that the dosing of bile 
definitely causes an increase in the bile flow from the liver. Bile 
elimination may however proceed at a steady rate in the absence of 
any bile constituents returning to the liver, i.e. the entero-hepatic 
bile salt circulation is not essential for the continued excretion of 
bile in the shee]). Moreover the appetite and digestion of such fistula 
animals are fairly well maintained although a slow and progressive 
decrease in the body weight is frequently noticeable, this being more 
evident in some animals than in others. 

Under the influence of Lippia poisoning, the bile flow of experi¬ 
mental sheep can l)e very promptly depressed and ultimately even 
completely inhibited. The main effect of the Tnppia toxin on the 
liver is as yet not clearly understood. It appears to have a i)aralysing 
effect on the normal bile excretion for although the liver cells them¬ 
selves are still capable of allowing the bile to pass through as 
indicated by the direct van den Bergh reaction, the bile tracts 
including the smallest bile capillaries seem to be incapable of moving 
the bile in the normal manner and at the normal rate towards the 
large bile tracts. This sluggishness in the bile flow results in some of 
the biliary constituents, e.g. the pigments to escape into the small 
blood and lymph vessels and so carried back into the general cir¬ 
culation where an extensive and severe jaundice may be caused. 
'J^he difficulty in explaining the genesis of the icterus arises from the 
fact that morphological changes in the liver may he slight even in 
very severe cases of jaundice. This point has also been stressed by 
other workers. Thus (Jantarow and Stewart, studying the morpho¬ 
logical changes in the liver and bile passages of cats with total 
biliary obstruction, state that these observations seem to indicate 
that there is no demonstrable correlation in individual instances, 
between the changes in the liver and bile ducts and the serum 
bilirubin concentration at any given time during the period of total 
bile stasis 

The various experiments undertaken with the object of re¬ 
establishing the normal bile flow after the onset of Lippia jaundice, 
have been disappointing in that none of the cholagogues or purgatives 
used had any definite beneficial effect on the icterus and on the bile 
flow. Improvement, when it did come about, appeared as a slow 
process and governed by the powers of the body itself. 

Other liver poisons, such as chloroform and phosphorus which 
were also studied, caused acute and severe fatty changes of the liver 
and frequently accompanied by bilirubinaemia. In no case however 
was the same intense and persistent jaundice of geeldikkop ’’ or 
Lippia poisoning observed. 
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Anatomical Studies, No. 61 . 

A Comparison of two of the so-called Zebus. 


By H. II. (.'irUSON, Section of Anatomy, Ondeistepoort. 


Intkodi CTIOX. 

An idea of the uncertainty of the definition of the word “ Zebu ” 
may be formed by perusal of the Encyclopaedia Britannica, I4th 
Edition, 1929. Under “ Zebu ” (Vol. XXIII, p. 938) one reads: 

Zebu {Bos indicus), an Indian species of ox, characterised by its 
light colour and the possession of a hunii) on the back. The sacied 
bulls of India belong to this species, which is much used for draught 
and farm work, and also sujiplies milk 

On tinning, however, to “ cattle ” (Yol. V, p. 4()), it is learned, 
in a ilescrijition furnished by Urofessor J. A. S. Watson, of Oxford, 
that cattle may be divided into six groups, one of which(‘) is the 
Zebu or “ Kastern and African domesticated (‘attle ! Professor 
Watson, in referring to African domesticated cattle, presumably 
means those cattle resembling the Eastern type, viz,, the Shorthorned 
Zebu, and therefore apparently doe^ not include the humiied Sanga 
and Lateral-horned Zebu (Afrikander) tyjies. If this view is correct, 
then no provision is made in his classifi(*ation lor Afrikander or 
Sanga cattle. If, however, one accepts that he means all African 
domesticated (obviously native) cattle, tlmn he places in a single 
group, cattle that differ as widely as the Shorthorned Zebu, Lateral¬ 
horned Zebu, Sanga and Brachyceros. 

The first definition given above resembles that of Lydekker 
(1912) who applies the designation “ Zebu ” to ‘‘ the Indian hum])ed 
cattle (p. 147). WTitsoirs definition is somewhat similar but not 
so pre(dse as that of Kronacher (1921) who refers to the Zebu as 
Buckelrinder In regard to the African Zebu, however, he 

(Kronacher) gives the synonym “ Sanga which further complicates 
matters, especially as Epstein uses the term Sanga for a group which 
is distinct from the Shorthorned Zebu. 

Duerst (1931) simply gives “ Hockerrind ’’ as the equivalent of 
Zebu (p. 759), which agrees with Kronacher. 

(0 The other groups are:— {a) Buffalo, (&) Bison, (c) Yak, {d) Gaur, Gayal 
and Bantin and (e) Western or European domesticated cattle. 
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As indicated by Curson and Epstein (1934), the original Zebu 
would appear to have been the Lateral-horned beast (represented by 
the Afrikander to-day), which later with Brachyceros gave rise to 
the Shorthorned Zebu. In West Africa there is further a Lyre¬ 
horned Zebu also with a thoracic hump, but the skull is apparently 
short and broad, due to Hamitic influence. 

Summing up, it would seem that one school refers to only 
Kastern cattle as Zebu, while the second includes all humped (*attle 
whether Asiatic or African. 


Provisionally it is intended to include under the term “ Zebu ” 
any humped bovine whether of Asiatic or African origin and the 
subjoined classification is suggested: — 


TRUK ZEBU 
(Asiatic origin). 


ZKBU^ 


PSEUDO-ZEBU 
(African oiigin). 


{ 1. Original Lateral-horned zebu, now called Afrikarider^ 

2. Shorthorned Zehu^ essentially of Asia but well roprescnited 
in East Africa. 

rs. Sfinga .—Essentially African and well represented in South 
Africa. 

(^4. Lyre horned Zilu .—Jhst represented in Wist Africa, 


The problem of classification is not simple in that either the 
skull or the hump may be taken as the determining factor. Above, 
the skull is the main factor, being generally relatively narrow in 
(1) and (2), but comparatively broad in (3) and (4). 


The two Zebu groujis discussed in this paper are the Lateral- 
horned and Shorthorned Zebus. 

« 

A(*cording to Ki)stein, Lateral-horned Zebus entered Africa about 
the end of the third pre-Christian millenium and during the New 
Kingdom of Egypt (1550-945 B.(^, Yahuda) they were represented 
uu mural decorations. Shorthorn Zebus on the other hand have been 
introduced into East Africa only during Christian times. The former 
are scattered throughout the Subcontinent whereas the latter occur 
along the East coast from Erithrea as far south as the Zambesi 
Iliver. 


In reganl to South Africa, as far back as 1904 MacDonald, A. C., 
expressed himself as being “ rather inclined to the idea that the 
Afrikander cattle are descended from one or other of the breeds which 
were brought down from North Africa by the native tribes ’L On the 
other liand others have believed in an European origin, c./y. Holm 
(1912) supposes that there exists an indirect though rennde 
relationship between the Afrikander and the Devon ’L During the 
past decade or so general opinion has supported MacDonald, and 
Bosnian (1924), for example, writes, “ It would seem therefore that 
the foundation of the Afrikander breed could be attributed to the 
Hottentot cattle that accompanied the Hottentots to the South on 
their migration along the West Coast It was, however, not until 
1933 that definite evidence, e.</. historical and anatomical, was 
brought forward by l^pstein that the Afrikander was the Zebu in its 
original form, and that it arose in Asia probably from Bos namadictis^ 
whose fossilised remains have been described by Duerst (1908). 
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In 1934 Epstein discussed the physical characteristics and dis¬ 
tribution of both tlie Jjateral-horned Zebu and the Shorthorned 
Zebu; and in the same year with Curson briefly described the skulls 
of the three parent stocks of African cattle, viz, Hamitic Longhorn, 
Brachyceros and Tiateral-horned Zebu (Afrikander). The skulls of 
typical members of the derived types, viz, the Shorthorned Zebu, 
Lyre-horned Zebu, Sanga or so-(‘ailed Kaflir cattle (see footnote 
have not yet received special attention. 

Epstein (1934) believes that the Shorthorned Zebu encountered 
to-day in Asia, primu’pally, India, and Africa reached Africa in 
the j)ost-(Uiristian era, when the power of Persia was at Its zenith 
and afterwards during the Arab invasion It is furthermore not 
a pure Zebu in that it represents the influem e in Asia of Brachyceros 
(the first Asiatic bovine immigrant into Egypt) on the Lateral- 
horned Zebu. Thus the Shorthorned Zebu is a type deiived tlirough 
the intermingling in Asia of the original Brachyceros (still jire- 
dominant along the littoral of West, North and North-East Afiica) 
and the original Tiateral-horned Zebu or Afrikander, as it is called in 
the Subcontinent to-day. 

In India, although the Longhorned Zebu is \Vell represented, 
e.fj, in the Amrat Mahal cattle, not only is the horn not laterally 
disimsed as in the Afrikaiulei, but the hump is dissimilar in 
situation and stiucture. Gunn (1909) in describing the cattle of 
South India writes “ Among the breeds found in Mysore the first 
l)la('e is undoubtedly due to the Amrat Malial. The Amrat Mahal, 
literally Milk l)ej)aitment, is an establishment for the breeding of a 
lacc of cattle pie<'uliar /to the country of Mysore . . . and so 
distiiK'tive is this breed that they may readily be distinguished from 
every other breed in India See Eig. 17. 

That there are hmghorned Zebus in India possessing late rail p 
directed horns would appear to be the case from a ])hotograph of the 
skull of a “ Loughorned Zebu ox from Nepal, British Museum 
shown on p. 99 by Epstein in his M.S. on The Red Afrihander Caftfe, 

liydekker (19112) gives the term “ Zebu ’’ as “ the designation of 
the Indian humped cattle but as is clear from Avhat has been 

said before, the original (Lateral-horned) and later (Shorthorned) 
Zebus vary in origin. As a result, there are anatomical difterences as 
well as resemblances and it is these which will receive attention in 
this study. 

As evidence of “ the undoubted distinctness of humped cattle 
(Ron indices) from European cattle tavrus), Lydekker mentions 
the (diaracters indicated by the late Mr. Edward Blyth in tlie Indian 
Field for 1858. They are as follows: — 

(a) In general configuration ”, c.//. head, dewlaj) and hump; 

(h) “ in the shape of the ears 

(c) ‘‘ in the point where the dewlap commences 

(d) “ in the t.vpical curvature of their horns 

(v) in their manner of carrying their heads when at rest 

(*) The Zebu received its name Bo.h indictis from Linnaeus in the XVIII 
century (Lydekker, p. 149). 
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(/) “ in their ordinary variations of colour, especially in the 
Irequent presence of nilgai-like markings on their 
feet ’’C); 

{g) ‘‘ they have dilferent habits and their voice is entirely 
different Lydekker adds that it is more of the 
nature of a grunt than a low 

(h) “ humped cattle in India seldom seek shade and never go 
into the water and there stand knee-deep, like the cattle 
of Europe ’’; and 

(?) they have given rise to many distinct breeds, differing 
greatly in size, in the presence of either one or two 
humps, in length of horns, and in several other respects 
Two humps is, of course, incorrect. 

While Blyth’s description is based on Indian cattle, Lydekker 
himself had in mind African Sanga cattle, e.g. Galla cattle(^) 
of Abyssinia, Watusi (attic of East Africa and Ngami cattle of 
Bechuanaland. Strangely Lydekker describes Afrikanders as being 
a breed of long-horned cattle withont hunij)s 

Epstein emphasised the value of some of the abo\e 

criteria, e.g, (/>), c), and {g), and adds speed and docility as distinc¬ 
tive features; but as will be shown later, the anatomical chaiacteri- 
stit's, particularly skull, dewlap, hump and bifid spines of the more 
caudal thoracic vertebrae, seem to be the most reliable guides. 

Points of Kesemblance. 

I'he anatomical features common to both Zebu types are; — 

E^tpTiiaL 

(a) Head ,—From frontal view, the head is generally long and 
narrow (coffin-shaped) and the orbital region is ntd so 
pronounced as, for example, in the Sanga. On lateral 
view, the profile is generally convex, the most })romi- 
nent point being behind and above the eyes. (Convexity 
is less marked in females. 

(//) Dewlap ,—‘‘‘Well developed, tied in slightly at throat, 
starting from chin to back of chest 

Lydekker explains (p. 150) that these take the form of white rings 
round the fetlocks in the darker coloured Indian strains or individuals ”, 
Kelley (1932) in comparing European and Indian cattle (p. 15) makes no 
reference to voice. 

(*) Lydekker uses vSanga as a synonym of Galla, and Kronacher (1921) in 
the widest sense as including any humped African bovine. Epstein, however, 
considers that it represents the type originating from the Hamitic Longhorn 
and Lateral-horned Zebu intermixture. 

(®) ITiis IS taken from the scale of points adopted in Marcjh, 1932, by the 
Afrikander Cattle Breeders Society. The meeting resulting in the foundation 
of the Society was held at Potchefstroom in June, 1912. 

Bisschop (Lectures, Faculty of Veterinary Science, University of Pretoria) 
gives the following description: “ The dewlap commences from the chin as two 
separate folds which conver^^e a few inches further back. In the region of the 
throat the dewlap shows an indentation, but from this point backwards it hangs 
evenly and conspicuously to well between the front legs. In the region of the 
brisket it may be rather pendulous and so create the impression that the thorax 
is deeper than is actually the case. The dewlap is never filled but consists 
of two directly apposed layers of skin. Vertical folds of the dewlap such as 
sometimes seen in the Short-horned Zebu are considered undesirable.*’ 
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(c) Uump, — Large and prominent. 

Interval. 

(/) Sl nll: Frontal surface .—Jjong and romparatively narrow. 
The margin of the orbit is not prominent, and the 
profile is convex. The stalk of the horn core is well 
marked. 

Lateral suifacc. —The temporal fossa is deep and 
curved and the horn has a lateral direction. 

Nvchal surface .—The frontal ridge is thick and pro- 
miuenl especially centrally. From the front it is 
convex and curved from si(l(» to side. As a result the 
fronto-nu(dia! angle is acute. It is apparent thal the 
features of the head are goveined bv the form of the 
skull. 

(ii) Dorsal Vcrichra. —The sujierior s])ines a?*e ))ifid frf)ni ihe 
sixlh vertebra caudally. As will be seen from Figs. 
11, 12 and 1(), not only is the upper one-fifth divided 
medially, but it is also compressed antero-posteriorly. 


]\)TXTS OF DlFFhRKNOi:. 


Ty])ical specimens of the tw^o Zebu types ai*e differentiated thus: 


Fi'uture. LaiarKihhomed Zebu (A/rikayider). Shorthorned Zebu (®). 

External. 


(1) Horn— 

(n) Lcn^?th. 

(b) flirertion.... 

(2) Hump— 

{a) Situation..., 

(b) Attachment.. 

(c) Shape. 

(3) Colour. 

(4) SizA*. 


Long and slender. 

Lateral. 

Cervico-thoracic. 

Firm. 

Less prominent and generally 
pyramidal 

Chiefly red. 

Large beef type. 


(Comparatively short. 

Upward and lateral. 

Thoracic. 

Less firm. 

More prominent and generally 
dome-shaped. 

Of many colours. 

(^f all sizes, chiefly small. 


Iniertutl. 

(1) Temporal fossa... 


(2) Horn core— 

{it) Direction .... 
(6) Base . 

(c) Cross section. 

(3) Hump— 

(cr) Structure.,.. 


Deep and markedly curved, 
being much influenced by 
lateral direction of horn core 

Lateral. 

Pearled wreath absent..... 

Oval. 

Muscular. See Fig, 13. 


Deep and less markedly curved 
owing to upward direction of 
horn core. 

Upward and lateral. 

African Zebus have frequently 
a pearled wreath (^). 

Circular. 

Musculo-fatty. See Fig. 14. 


(®) Many of these features obviously depend on Brachycoros influence. 

(^) It is possible this is a differenc'e between typical Asiatic and African 
Shorthorned Zebus. This feature is derived from the Hainitic Longhorn, and 
is marked also in Sanga cattle. 
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Summary. 

Summarising the position(®) we have: — 

Resemblances. 

1. ]ioth Zebu types originated in Asia. 

2. KxternalUf \ — 

(a) They have a (coffin-shaped head with convex profile; 

{b) the dewlap is prominent; 

(c) the hump is well rnarhed, but not characteristic, for it 
occurs also in tlie Sanga type. 

d. Internally: — 

(a) The thoracic vertebrae from No. (i backwards have bifid 
spines. 

4. Both have adapted themselves well to unfavourable environ¬ 
mental conditions, e.y, poor pasture, and parasites. 


Differences. 


Fentnre, Laternl-Jiorned Zebu. 

1. Origin. A pure parent stock. 

2. Arrival in Africa. Tn pre-Christian times.. 

3. Distribution in Africa. Scattered and'mainly south 

of the Zambesi River 


Shorihornvd Zvhn (**). 

A derived typo arising through 
intermixture of Laicralhorned 
Zebu and Brachyceros. 

In Christian times. 

Form compact groups chiefly in 
East Africa, north of the 
Zambesi River. 


4. Horns. Are oval in cross-section, long Are circular at base, short to 

and laterally placed medium length and upright. 

6. Hump. Cervico-thoracdo and muscular Thoracic and mu.sculo-fatty. 
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(®) A useful list of references concerning the Afrikander is given in an 
Appendix to Curson and Bisschop’s paper (Anatomical Study No. 60) Some 
Comments on the Bump of African Cattle. Onderstepoort Jl. Vet. Sc. Anna. 
Indus. VoL 5, No. 2. Oct., 1936. 

(*) There are of course big differences between the various breeds of Short- 
horned Zebus. Matson, quoted by Kelley (1932), divides the Indian Zebu into 
five chief subtypes. 
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AUDENUUM. 

Anatomical Study No. 61 was submitted to Dr. IT. Epstein, who 
in a reply (10/4/^16) to the Director of Veterinary Services kindly 
Jiiade the following* observations: — 

I would like to pass a few comments on Dr. (hirson’s i)a])er 
Anatomical Studies No. 61. 

{(i) On page 2 (the fifth line down) he writes with reference to 
the Brachyceros cattle: “The fii.st Asiatic bovine immigTant into 
Egypt 1 no longer hold the view- that the Hamitic Longhorn 
cattle w^ere pure descendants of Bos priini.genius Halnit, but rather 
that they originated from a mixture of Primigenius cattle imported 
into Africa from Asia by Hamitic immigrants, and the local 
Egyptian variety of Bos prinugevivs, viz., Bos primigenius Halini 
Hiizh. Therefore the Brachyceros breed was the second bovine im¬ 
migrant from Asia. But even if the Hamitic Longhorn cattle w’ere 
pure descendants of Bos primigenivs J/ahriiy their upright lyre-shaped 
horns w'ould be no obsta<de to such an assumption (as you suggested 
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in the above mentioned letter). l"or it is one of the first effects of 
domestication that the heavy horn of the wild beast becomes lif^hter 
and (‘onsequeiitlv changes its position. Duerst (1926) gives an account 
of these changes in his work Daa Horn dcr Caviconiia, 

(b) deferring to the same paragraph in Anatomical Studies ?so. 
Gl, I am still doubtful whether all shorthorned zebu breeds owe their 
short horns to the intermingling in Asia of the original Brachyceros 
with the original l^onghorned Zebu(^‘’). It is quite feasible that 
numerous short horned zebu breeds acquired their shorter hoi ns dur¬ 
ing the long process of domestication spontaneously without any 
oxteriial “ assistance (The difference in the structure of the hum]) 
between the Shorthoriied Zebu and the Afrikander may also be attii- 
l)Utable to the long period of domestication in Asia, and need not of 
necessity owe its origin to the influence of other cattle on the Long¬ 
horned Ze])u.) 

(c) re ])age 2 lower down:—The skull of the Longhorned Zebu 
ox from Xepal in the Kensington Branch of the British Museum does 
not possess laterally directed horns, but upright lyre-shaped ones. 
In all other respects, however, it resembles the Afrikander skull. 

I am very grateful for the assistance and interest you have sllo^^ n 
in my work which is always a great encouragement to me 


or Afrikander. Obviously one may consider the Shortliorned Zebu as 
constituting a parent stock, at any rate as far as Africa is concerned (see 
Curson and Kpstein, 1934). Footnote by JLILC, 
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EXPLANATION OF FIGURES. 

Figures and 16 are approximately one-quarter of original. 



1. JMtvrahhoi ncd Zebu (Afrkander) Bull Holinesdale Stemreg Photo sent 
hy former owner, Dodds Pringle, Esq., Jun., P.O. Adelaide, (\P., Colour 
light red, born 1917. 



2. Shorfkarried Zebu {Tanganyika) Bull (McCall, F. J., Ann. Rept. for 
1929, Tanganyika). The Shorthorned Zebu from the East came in such 
large numbers (over a long period of time) that it eventually replaced 
the Sanga. There seems very little difference, if any, between the 
Asiatic and the African Shorthorned Zebu. 
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3. Skull of TjUteraUhorned Zebu (Afrikander) Ox A. 26, Onderstepoort. Front 
view. Length of forehead ** is 260 mm. Note lateral horn-cores with 
distinct neck, convex frontal ridge, and generally long coffin-shapod 
appearam?e oi skull—Curson and Epstein, 1934. 
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4. Front view of skull of Shorthonied Zebu {Tanganyka-Mftsui) Cow A. 20. 
Ondorstepoort. Sent by McCall, F. J. Note the comparatively short 
horns and elongated head. Length of forehead ” is 201 mm. 
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I. Lateral view of skull of Lateral-horned Zebu (Afrikander) Ox A. 2G. Observe 
the strongly convex profile, especially over cranium and the deep and 
curved temporal fossa—Curson and Epstein, 1934. 







II. II. 
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7. Nuchal view of skull of Tjateral-homed Zebu (Afrikander) Ox A.26. Frontal 
rulge IS prominent and convex from side to side. The median occipital 
crest is scarcely perceptible—Curson and Epstein, 1984. 
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Nuchal view of skull of Cow A. 20. 


17 
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9. Palatine view of skull of LateraUhorned Zebu {Afrikamler) Ox A. 2G Long 
coiiin-shaped appearance is marked, as is the neck at the base of tin* 
horn-core. 



10. Palatine view of skull of Cow A. 20. Note the well dehnea neck at the 
base of the horn-core. 
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11. lAtff'rnl~h(n'nf(l Zebu {Afrikander) Cow (Curson). Front and latonil views of 
9tli dorsal v»*rtebra. The superior dorsal spine is elett—Curson and 
Epstein, 1934. 



12. Shorthomed Zebu (Tanganyika) Bull. Front and lateral views of flio 7th- 
9th dorsal vertebra (from H. E. Hornby, Esq., O.B.E., F.Jt.C.V.S., 
Mpapwa). 
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> Lateral^horned Zebu (Afrikander) Bull 5572. .Cross section of summit of hump 
over second thoracic vertebra, showing the following structure: Mvi. 
trapeziu»j rhomh(^i(iev» nerratus venUvMs and spleniuSy and liganientum 
muv/iae —Ourson and Bisschop^ 19B5—Magn, 2/3. 
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U. Shorthorned Zebu (Tonganijiha) Calf (Hornby). Cross section of summit 
of hump over fourth thoracic vertebra. Distorted appearance due to 
tight packing in drum—Curson and Bisschop, 19;k5—Magn. 1^. 
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1/). Shorfliorned Zebu. {Krialtha Vallry) Bull. (MeCiill, F. ♦). Annual lic.pnit 
for 1929, Tanganyika.) Imported from India for use* in 7'anganyika. 
A typical zebu with short horns, circular at base, convex profile, well 
developed dewlap and musculo-tatty thoracic hump. 



16. Shorthorned Zebu {Bengol), Front and lateral views of 9th dorsal vertebiae 
of bull and cow sent by A, B. MacGregor, Bsq., F.R.O.Y.S. 









H. IT. CUIISON. 



17. Longhoi ncd Zebu (Awrut Mahal) Hiillook -Cuiiii, 1909—Note long horns 
and thorucic hump. 
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OnderstepooH Journal of Veterinary Science and Animal 
Industry, Volume 7, Number 2, October, 1980. 


Anthelminthic Tests, Chiefly with Tetrachlor> 
ethylene, for the Removal .of the Hookworm, 
Gaigeria pachyscelis from Infested Sheep, 
with Observations on the Effects of this 
Drug on Other Parasitic Nematodes. 


U. J. OHTliKlM^ uihI II. (). Section ot Barasitoloj^y, 

Oii(lerstei)oort, South Africa. 


Dvhino the course of investigations by one of us (It. J. U.) on the 
life history, mode of spread and prevention of the sheep hookworm— 
Gaigeria pachyscelis —the writers have, when material became avail¬ 
able, tried variotis (lruf»'s in an attempt to find a suitable medicant 
for tile removal of this jiarasite from infested sheej). The drugs 
mainly experimented with were chemically })ure Carbon Tetra¬ 
chloride and Tetracfiloiethylene, while n-llutyl-Chloride, Extract ot 
Pyrethrum and other chemicals were also tried. The two first- 
named drugs have, since the researches of Hall and Shillinger, etc., 
been extensively used in the treatment of humans and dogs infected 
with hookworms, the former having been found by these workers 
and by Daubney (1980) to be also very effective in the treatment of 
sheep infested with the hookworm Bunostomum tngonacephalum. 
n-Buty]-chloride was tested by "Wright and Schaffer (1982) and found 
to be 84 per cent, effective for the removal of hookworms from dogs. 
Pyrethrum extract was tried because of its known lethal action on 
cold blooded animals and its harmlevssness on warm blooded animals, 
and in view of the favourable reports on its efficacy against hook¬ 
worms in dogs by other authors. 

In the first series of tests 18 adult Persian shee]) were used, all 
of which had by faecal examination been found to carry a heavy 
infection of Gaigeria pachyscelis. These sheep had been bought 
from Mr. V. Theophiltis, Pudimoe, where they had acquired a 
natural infection on his farm. Of these sheep ten were dosed with 
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tetraohlorethyleiie in an equal vohiine of meal water, six were dosed 
with carbon tetrachloride in an equal volume of meal water and two 
were kept as (‘ontrols. The followinj? table ^i^^es the results: — 


Ta«le I. 


Number 

of 

Sheep. 

Drug. 

Quantity. 

Worms 
passed 
during 
iiexf 
,3 days. 

Kggs in 
faeces 

12 days 
after 
drug.* 

K-emarJ\.s 

:56429. ... 


3 c.f. 

— 

ttft 

Died 13 days after dosing. 124 
living Gaigcria eoUeetod. 

imu). ... 



— 

tt 


364:^7. ... 

49 

,, 

9 

tttt 

— 

.36442.... 

44 

4 c.o. 

1 

ttt 

Died 14 days after dosing. 123 
living Gaigeria eolleeted. 

36426.... 


,, 

24 

ttt 

-- 

36427.... 

f » 

5 c.e. 

— 



,36441 ... 




ttt 

Died night after dosing. 77 
live Gaigiria eolleeted. 

,36428.. .. 


,, 

— 

tttt 

.... 

36435.... 



— 

ttt 

-- 

3644L... 

^9 

10 e.e. 

— 

tttt 


,36438. ... 

CCI4 

3 c*.o. 

— 

tttt 

- 

.364:«. . .. 


,, 

— 

ttt 

- 

36425. ... 


4 e.e. 

— 

ttt 

- 

36436, ... 

4 * 

>» 

— 

tttt 

Di^d 6 days after treatment. 
Worms not eolleeted. 

36431.... 

99 

,5 c.e. 


ttt 


.36434. ,.. 

4 9 

,, 

— 

tttt 

— 

364.32.... 

Untr 

eated. 

— ■> 

ttt+ 

— 

36443.... 

* 

* 

- 

ttt 



* t eggs prcHoiit (1“10 on slide). 

•ft Fair number of eggs present (Jl-r>0 on slide), 
ttt Many eggs present (51-100 on slide), 
fftf Numerous eggs present (over 100 eggs on slide). 

Bags were lied on‘the sheep after dosing in order to collect all 
the faeces passed; the faec.es weie carefully washed and sieved and 
all the worms passed during the following three days were collected 
and counted. In order to determine the presence of eggs in the 
faeces, about 2o to f30 grams of fresh faeces were taken from each 
sheep either direct from the re(?tum or from the bag. These were 
then well broken up in tap water and then passed through several 
sieves to retain the coarser materials. Each was then placed in an 
Erleuineyer flask and allowed to settle. The supernatent liquid was 
then carefully poured off and the remaining sediment was now mixed 
with an equal volume of glycerine and well shaken. It was then 
(centrifuged in a tube 9 cm. deep and 3 cm. diameter, for about 3 
minutes at about 1,000 revolutions pe rminute^ when the eggs rose 
to the top of the liquid; these were then picked up with a flat 
bottomed glass rod about 1 cm. diameter and several (4 to 5) drops 
were transferred to a slide and examined microscopically. As the 
Gaif/eria eggs are much larger and darker than those of the common 
round worms of sheep (Haemonchus contortus^ Trichostrongylus spp. 
and Oe8ophago.^tomvvi cohtmhiannm) they could easily be recognised. 
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From Table 1 it will be seen that doses of d to 5 (*.c. of 
t\irl)on tetrachloride had no effect on the removal of the worms; 
doses of y to 5 c.e. and 10 c.c. Tetrachlorethyleiie also had very little 
effect, although three of the sheeji did pass out some worms, they 
nevertheless still retained a good infection; three sheep which died 
from one to foniteen days after dosing showed living hookworms on 
j)ost-mortein, 124, 2d and 77 worms being collected respectively. The 
sheei> which had received 10 c.c, passed no worms and still remained 
heavily infected. Sheep d04d0 treated with carbon tetra(*hloride died 
six days after treatment and through a misunderstanding the worms 
were not collected. The two controls also passed no worms and 
remained heavily infested. 

Previous to treatment the sheep had free access to hay and 
broken maize, and a week prior to treatment they daily leceived 
about 2 pounds of a d:1 mixtuie of bone meal and salt, while maize 
was lemoved. Food or watei* was not ke])t away from them before 
or after treatment. 

Three weeks after the above treatment six of the above shee]> 
were again treated wdth (^arbon tetrachloride and Tetrachlorethyleiie, 
and five witli a mixture of ecpial parts of these drugs and tw^o were 
kept as (‘ontrols. 


The 

follow inog table 

fi-ives ihe re>ults: 

Takte TT 





Worms 

in 


Number 



paHsed 

facc€*8 


of 


Quantity. 

duriiijr 

10 days 

Kemarks. 

Shec'p. 



follow 

after 





3 days. 

dosing. 


.mS;*).. . 

C‘,ri, 

6 c.c. 


ttt 

Killed following day. 39 liv- 






ing Gaigeria collc'cted. 

36444.... 

,, 

,, 


tttt 


36438.... 


,, 

1 

tt+t 


36437.... 

(VI, 



tt+ 


36425... ! 



1 

+tt 


36431.... 




ttt 


r 

ecu 

1 




36441...^ 

and 



ttt 


L 

i\CU 



1 


36428.,.. 

» f 

»♦ 

4 

tt+t 

1 Died 2 days later. 167 living 






' Gaigeria collected. 

36433.... 

9 9 

»♦ 


tt+ 

Died 2 days later. 65 living 






Gaigeria collected. 

36434.... 

9 9 

8 c.c. 

3 

ttt 


.36426.... i 

99 

” 1 
d control. 

1 

ttt 


36432.... 

Untreate 


tttt 


36443.... 

- 


! 

+tt 



Except for the last two sheep treated, the dose was in all cases 
mixed wdth 12 c.c. meal winter; in the last two cases only 10 c.c. meal 
water was added. Since the first treatemnt all the sheep had free 
access to hay and the salt and Ixme-meal mixture, also they were 
not kept aw’ay from food or water before and after dosing. They 
♦w^ere all in i\ Very poor (condition. 
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Table II shows that (> u.c, of Carbon tetrachloride or 
Tetrachlorethylene in meal water had very little or no effect on the 
removal of the hookworms, two w^orms only being removed and all 
the sheep still remaining heavily infested as shown by egg flotation. 
One of the sheep wdiich was very weak was killed the following day, 
and on post-mortem 39 living Gaigeria were found adhering to the 
mucous membrane. Of the 5 sheep which received 6 and 8 c.c. of a 
mixture of equal amounts of these two drugs 2 sheep passed 4 and 3 
hookworms respectively during the following 3 days. Two of them 
which died two days after treaimeiit still had 167 and 65 living 
Gaigeria respectively, some of which were lying free in the lumen 
of the intestine. The two controls passed no worms and still remained 
heavily infected. It would thus ai)pear that a mixture of these 
drugs given in 6 and 8 c.c. doses is not effective for the removal of 
Gaigeria hookworms. 

As the sheep w^ere in a very jkk)!* condition they w^ere from now 
on fed on hay and a liberal supply of crushed maize plus bone-meal 
and salt. They picked up gradually in condition, and during the 
course of the next seven weeks a number gradually lost most of their 
infection and tw’o eventually became free of hookworms. Centrifuge 
egg flotation determinations after 6 and 7 weeks on this diet and 
faecal culture after 6 ^veeks gave the results shown in the following 
table: — 

Table III. 


Number 

of 

Sheep. 

Gaigeria 

after ' 
6 

weeks. 

Gaigeria 

eggs 

after 

7 

weeks. 

Culture. 

• G. 

1 

O.c. 

H.c. 

i 

Tr. 

s.p.* 

3642.5. 






_ 



36426. 

t 

t 

W 

20 

34 

.... 

14 

32 

36431. 

+ 

t 

— 

— 

— 

— 

— 

— 

36432. 

ttt 

tt.. 

M 

79 i 

6 

— 

12 

4 

36434. 

t 


M 

16 

22 


56 

7 

36437. 

ttt 

ttt 

M 

12 i 

— 

— 

35 

53 

36438. 

ttt 

ttt 

M 

62 

10 

— 

22 

6 

36441. 

tt 

tt 

W 

30 

14 

_. 

56 

— 

36443. 

tt 

tt 

M 

! 50 

10 


30 

10 

36444. 

tt 

tt 

M 

47 

1 

— 

52 

■ 


• W==weak culture; M=medium culture. These refer to the density of the larvae on 
the sides of the bottle 8-10 days after culture. 

G=Gaigeria ; O.c. Oesophagostomum ; H.c.—Haemonchus; Tr.—Trichostrongylus ; 
S.p.=Strong>ioide8. The numbers give the p(*rcentage of the different kinds in the first 100 
larvae count^. 

For some inexplicable reason no larvae developed in the culture 
of faeces from sheep 36431, although eggs w^ere present. 

When comparing these intensities of hookworm infection, as 
revealed by centrifuge egg flotation determination^ with those of the 
saDae sheep seven weeks previously we .find that two sheep have en¬ 
tirely lost their infection (ttt to -), two have lost two-thirds of 
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Iheir, infection (ttt to +), two have lost half their infection 
(tttt to tt), two have lost one-third of their infection (ttt to t; 
one has lovst a quarter of its infection (tttt to ttt) and one has 
retained its whole infection. 

These sheep had now been in this experiment tor four inonths 
and duriii<y this period they had been kept in a dry pen and were 
consequently not exposed to reinfection. The infection they still 
retained was that which they had brou^^ht with them. The diminu¬ 
tion of this infection may thus be ascribed to either of two causes, 
firstly that many of the parasites had already reached the end of 
their span of life and thus naturally died, only the youn^^er hook¬ 
worms remaining; or secondly by better feed the constitution of 
the sheep was improved wdth the result that they were able to rid 
themselves naturally from a considerable ])ortion of their infection. 
It is a fact often seen in the field that where the diet of sheep is 
improved, the sheep, with the improvement of their condition, tend 
to rid themselves of a larj^e ])roportion of their Avorm burden. In 
the above case both the above-mentioned causes may liave been re¬ 
sponsible, but the writers are inclined to the view that the better 
diet played the principal role. 

As the sheep appear(*d to be rapidly losiiif^ their infection and 
as the treatments with (-arbon tetrachloride and Tetrachlorethylene 
had fj-iven such di8a})pointinfr results it was decided to dose six of 
the still infected sheep with 1 to 5 c.c. of Stafford Allen’s extract 
of Pyrethrnm M.22b, one sheej) with 15 c.c. C 2 CI, and to keep one 
sheep as a control. In all cases the dose was mixed with 20 c.c. of 
distilled water and was administered hy stomach tube. The results 
are sel out in the following: table: — 

Taule tv. 


Number of 
Sheep. 

Driur. 

Vmount. 

Number of 
worms 
passed 
during 

3 days 
follow inc. 

Eggs in 
faeces at 
treatment. 

Eggs in 
faeces 

10 days 
after 

treatment. 

36443. 

Ext. Pyr. 

1 e.e. 


tt 

tt 

36437. 


1 

— 

t+ 

++ 

36440. j 


i 3 e.e. 

— 

t 


36441. 



— 

tt 

t 

36431. 


5 e.e. 


t 

t 

38438. 

^ » 

.. i 


ttt 

ttt 

.36444. 

C 2 CI 4 

15 e.e. 

3 

tt 

tt 

36432. 

Untreate 

rl Control. 


tt 

tt 


From this table it is evident that the intensity of worm infes¬ 
tation remained about the same before and after treatment with 
Extract of Pyrethrum; it is true that after 10 days one of the shee]) 
(;1P)440) which had received 3 c.c. had lost its infection (t to - ) and 
the other (36441) which had received the same dose had its infection 
halved (ft to t); no worms, however, were passed during the en¬ 
suing three days after treatment so that the loss probably took place 
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subsequently and before tlie tenth day after treainieiit; this loss wm 
probably due to natural causes. It thus appears legitimate io con¬ 
clude that a dose of 1 to 5 c.c. of Kxtiact of Pyrethruin in water, 
dosed direct into the rumen has n<» effect on the expulsion of the 
Gaiijena hookworm. 

The sheej) which had received 15 c,.(*. of C 3 CI,, in water direct 
into the rumen passed 3 hookworms, but the infestation remained 
the same. The control sheep showed no change. 

As the hookworm infestation of these sheep had now become 
rather low it was decided to reinfect them artificially. Unfortu¬ 
nately during this interval several of these sheep died. The remain¬ 
ing few were not further experimented witli except one which was 
very weak. This sheep was dosed with 10 v.v.. O3CI4 in 10 c.c. liquid 
paraffin and died two days later. No worms were passed and at 
post-mortem living Gaigevia were found still adhering to the 
small intestine and eleven were free in the large intestine, of which 
seven were still alive. The other sheep were set aside in order that 
cultures may be made from them to infect fresh sheep. 

While a stock of infested sheep was being prepared, the method 
of administering drugs into the abomasum of sheep, after a preli¬ 
minary (lose of copper sulphate solution, became known (lloss, 1934; 
Monnig and Quin, 1935), and it was decided to try this method in 
future experiments, again using Tetrachlorethylene and also n-Butyl- 
Chloride. Nine sheep were eventually obtained which showed a 
moderate infestation by the egg flotation method. They were divided 
into three groups of three each; one group received 5 c.c. in 

10 c.c. liquid paraffin, the other 10 c.c. OgCl, in 20 c.c. liquid para¬ 
ffin and the third group 10 c.c. n-Butyl-Ohloride in 20 c.c. licpiid 
paraffin. Immediately prior to dosing each sheep was drenched with 
about 10 c.c. of a 2 per cent, copper sulphate solution. The sheep 
were not specially prepared, neither was food or water kept away 
from them befoi^ or after dosing. The results of this treatment are 
shown in the following table: — 

Table V. 


Number 

of 

Sheep. 

1 

Drug. 1 

1 

1 

Amount. 

Eggs in 
faeces at 
treatment. 

Eggs in 
faeces 

10 days 
after 

treatment. 

Worms 

passed 

during 

following 

3 days. 

39173. 

C 3 CI 4 

5 c.c. 

ttt 

ttt 


39588. 

»» 

»♦ 

ft 

tt 

_ 

39998. 

,, 

»» 

tt 

tt 

_ 

39724. 

>» 

10 c.c. 

n 


28 

39996. 

»> 

9 « 

tt 

_ 

19 

40009. 

»» 

1 

tt 

_ 

23 

39184. 

n. But. (Jhl. 


1 tt 

t " 

.5 

89477. 

»» 

• 9 

tt 


17 

89731. 


ft 

tt 

i 

tt 
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Twenty days after treatment the t'ae(;es from the three sheep 
which had been treated with 10 c.c. Tetrachlorethylene were again 
axamined and were again found negative foi* hookworm eggs. 

The results of this dosing appear to sliow that when dosed imme¬ 
diately after drenching with copper sulphate solution a dose of 5 c.c. 
Tetratihlorethylene is not effective for tlie removal of Gaigeria hook¬ 
worms; a dose of 10 c.c. n-Jkityl-Chloride is about 50 ])er cent, 
effective and a dose of 10 c.c. Tetrach lore thy lene is very effective. 
In order further to test the effectiveness of this drug the four sheep 
which had passed no worms in the above test were ea(*h dosed with 
10 c.c. Tetracdiloretliylene in 20 c.c. liquid paraffin immediately 
after drenching witli a weak (‘opper sulidmte solution with the follow¬ 
ing results. 


Taiide VI. 






Eggs in 

Eggs in 

Number 



Eggs in 

faeces 

faeces 

of 

Sheep. 

Drug. 

Amount. : 

faeces at 
treatment. 

10 days 
after 

20 days 
after 





treatment. 

treatment. 

1 

39173. 

. 

' lOe.e. 

ttt 



39588. 


I ,, 

tt 

tt 

ft 

39998. 


i 

t> 1 

tt 


39731. 


i 

1 

tt 

tt 

t+ 


The uorms })assed were unfortunately not collected in these 
(!ases. 


This result, altliough not so promising as the ])revious one, shows 
that in t\\o sheep all the hookwoims were removed while in the 
remaining two the hookworm burden was not reduced. In these two 
tests we thus have five shoe}) out of seven freed of their hookworms. 
What is esjiecially striking is that these worms were either entirely 
cleared or not at all. This leads one to suspect that in the five 
cleared sheep the drug passed direct into the abomasum and was thus 
able very soon to reach the hookworms in the intestine, whereas the 
drug ])aRsed into the rumen in the other two sheep, and couse(|uently 
was not able to come in contact with the hookworms immediately 
and in concentrated form. These sheep also carried a fairly heavy 
burden of wireworms and nodular worms and it was striking that in 
the five cleaned sheep the niimher of strongyle eggs was also reduced. 

Having obtained these highly promising results with the dosing 
of Tetraclilorethylene immediately after dremung with a 2 per cent, 
solution of Cov>per sulphate, an opportunity was awaited to try out 
this method of treatment on a large scale. This opportunity soon 
occurred in that Mr. Theophilus, who had been suffering very exten¬ 
sive losses in bis Pervsian sheep due to this hookworm, ofiered to 
place his entire flock of about 1,000 sheep at our disposal if w^e 
wished to carry out any tests. This offer was accepted and one of us 
(R. J. 0.) proceeded to his farm in the Vryburg district of the Cape 
Provincie. His adult sheep, about 480 in number, were found to be 
in a very bad state, very thin and very anaemic and a large per¬ 
centage of them showed marked swellings under the jaw. Six full 
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grown ewes of these were taken and an examination of their faeces, 
taken from the rectum, showed that they were very heavily infested 
with the Gaigeria hookworm and also with stiongyloids. They were 
then dosed with 10 r.c. Tetrachlorethylene mixed in an equal volume 
of a light neutral mineral oil after drenching with 10 c.c. of a 
2 per cent, copper suli)hate solution. Two days after they were 
slaughtered wuth the following results: — 


Taulk VII. 


No. 








of 

Sheep. 


Amount. 

Hookw. 

H.e. 

Tr 

O.e. 

Remarks. 

1 .... 

C.('l, 

10 c.o. 




NumeroiiK 

All livinjL^ 

2 .... 

9 9 

Many 

Numerors 

Numeroic’ 

9» 

99 

3.... 


9 9 

— 

— 

— 

99 

99 

4.... 

,, 

>9 

Numerous 

Many 

Fair No. 


99 

5.... 

- 


1 (detacheri 
in ?. int.) 


- 

99 

6 . . .. 

- 


Numerous 

Many 

1 

Many 

Many 



The above test showed that drencdiing as above cleaned half oi 
the sheep of their hookworms, whereas the remaining three still 
remained heavily infested. In the three cleaned sheep wireworm and 
trichostrongyles were also absent, whereas in the remaining three* 
both these worms were present. All six sheep were still heavily in¬ 
fested with nodular worms. It would thus appear fiom this test that 
where the drug is able to pass direct into the abomasum it kills not 
only hookworms but also wirej^orms and trichostrongyles. In the 
three sheep which remained infested the drug most probably passed 
direct into the rumen. 

The sheep were dosed in the cool of the evening directly fiom 
the veld. After dosing, which was done by means of a suitable 
syringe with a long bent nozzle and squirting the drug gently down 
the side of the cheek, ail the sheep showod marked reactions; all 
became somewhat giddy and sluggish and three of them developed 
marked tympany of the rumen w^hi(‘h had eventually to be relieved 
by pun(‘turing with a trocar. Next morning, howover, all six were 
normal again and grazing. 

Sixty sheep wore now taken and divided into two groups of 
thirty-five and twenty-five sheep: their ages varied from 2-tooth to 
adults, and consisted of ewos only. Faeces from twontv-five were 
taken from the rectum and all on examination showod Gaigeria eggs. 
As these sheep had not been selected from the flock but taken at 
random, except that all lambs were discarded, it appeared legitimate 
to conclude that if not all then a very high percentage of the adult 
sheep carried hookworm infection. In addition all the sheep showed 
numerous strongyle eggs, probably /7. eontorfus, Triehosfrongyhfs sp. 
and Oe.sophagostom tnn cohinihiavum as revealed by the post-mortems 
on the sheep discussed above. The group containing thirty-five sheep 
was given each 5 c.c. C2CI4 in an equal volume of a light mineral 
oil, w’hile the other group received 10 c.c. C2CI4 in an equal volume 
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of light mineral oil. Immediately prior to dosing with this drug 
each sheep received 10 c.c. of a 2 per cent, copper sulphate solution. 
These sheep were dosed during the late afternoon direct from the 
veld; during the evening it was noticed that some of the sheep in 
the group which had received the larger dose were slightly bloated 
and a tiocar had to be used on one; the sheep in the other group 
showed no signs of bloating, although, after dosing, both groups 
became somewhat giddy and sluggish. Next morning, however, all 
the sheep were again normal. Two of the sheep from each group 
were now slaughtered, 1^1 hours after dosing, with the following 
results. 


Table VIII. 


Dnig. 

Amount. 


Worms at post mortem. 


! 

Gaigeria. 

H.c. 

Tr. 1 

O.C. 

C.Cl, 

0 C.C. 

Many 

1 

Numerous 

Numerous 

Numerous 

’ * 1 

lOc.c. 


__i 

--- 

- 


The two sheep which had received the larger dose showed no 
hook^vorms in the small intestine. Among the faeces of the large 
intestine, houever, numerous dead hookworms were found. The 
other two sheep showed no dead hookworms in their faeces. 

The above experimeni confirmed the results obtained at the 
laboratory (vide Table V), namely that a dose of 5 c.c. O 2 CI 4 was 
not sufficient to remove the hookworms, whereas that of 10 c.c. wuis 
very effective. A large number of sheep w'as used in this ex])eriment 
in order to see whether bloating was generally associated wuth the 
administration of the drug, and if so w^hether it had to be considered 
a serious reason against its use. From the above result the winters 
are inclined t() the view' that .sheep after adequate dosing should be 
carefully watched during the ensuing few' hours and any slieep show¬ 
ing marked bloating should he relieved; notwithstanding this draw^- 
back, it is felt that, with careful handling, Tetrachloretylene is a 
relatively safe drug for use, especially for the reason that since per¬ 
forming the above test, a large number of doses have been admini¬ 
stered at the laboratory to sheep of different ages, in pool* and good 
condition, starved and unstarved, wuitered and unwatered, with and 
without copper sulphate solution, but in not a singlefase w'as there 
any signs of bloating. (See also discussion on toxicity of Tetra- 
ethylene below .) 

For the next test thirty-eight sheep similar to and from the same 
flock as those used in the foregoing test w^ere used. These had slept 
overnight in a kraal adjacent to the sheen used in the foregoing test, 
and were dosed the next morning after drenching with Copper sul¬ 
phate solution. Each sheep received 20 c.c. of a half-and-half mix¬ 
ture of C 3 CI 4 and light mineral oil; these sheep were then given free 
access to w’ater, which they did not take, and placed in a nearby 
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paikloek with plenty of green grass. For a tew hours these shee]> 
kept together and appeared vety drowsy, but otherwise no serious 
after-elferts were noted and by midday all were normal and grazing. 

This experiment thus tended to show tliat sheep which had been 
kraaled overnighi and dosed next morning, were less likely to bloat 
than those which had been dosed during the late afternoon direct 
from the veld. 

The results so far obtained in the field with Mr. Theophilus' 
sheep may be summarised as follows: — 

1. Six selected adult sheep and twenty-five adults taken hap¬ 
hazardly showed by faecal examination that they weie badly infested 
with hookworms; the probability was thus that if not the whole adult 
flock then a very high persentage of them was infested. 

2. All these sheej) were also heavily infested with wdre-, 
nodular- and trichostrongyle worms. 

d. Of eight sheep which had received 10 c.c. C 3 CI 4 five had on 
post-mortem lost all their hookworms, wireworms and trichostrongyle 
worms. The remaining three still had all these worms. All eight 
still had numerous nodular worms. 

4. Of two sheep which had received 5 c.c. (’3014 both on post¬ 
mortem still carried a heavy infection of all the abovenamed worms. 

5. it appears safer to dose the sheep in the morning after having 
been kraaled overnight. 

(). As the sheep whic h had become cured of hookw’oiuns had lost 
their entire ivorni burdens of the abomasum and small intestine, and 
as the non-cured apj)eared to have retained all these, it appears ligiti- 
mate to conclude that the effectiveness of Tetrachloiethylene is 
almost entirely dependent on whether it reaches the abomasum direct 
or not. This conclusion is substantiated by the results obtained by 
the dosing of this drug* without previous drenching with a Copper 
sulphate solution, where the effectiveness of this drug was shown 
to be very low. 

As it had iioav been shown that Tetrachlorelhylene \\as a vei \ 
effective anthelmintic- for the treatment of Gaigeria hookworm, pro¬ 
vided it is dosed direct into the abomasum, it was decided to dose 
the w’hole flock, in batches of about two hundred every morning. 
Euct adult sheep was to receive the full dose, i.e. 10 c.c. C 2 CI 4 -I-IO 
c.c. neutral mineral oil. The dosing had to be repeated three times 
at intervals of 10 to 14 days, and 10 days after each dosing 50 or 
more faeces samples had to be taken from the rectuni from a similar 
number of sheep taken from the flock at random; these faeces to he 
examined miscrscopitially by the egg centrifuge flotation method 
for the ])resence or absence of hookworm eggs. It was considered 
that such a pnxtedure would give a crood indication of the progress 
of the cure or otherwise in the w^hdV flock after one, two or three 
treatments. As twenty-five sheep taken at random had already 
shown to l:e all infected with hookworms and other strongyloid 
worms, it appeared legitimate to assume that prior to treatment all, 
or a very high percentage of the sheep, were infected wdth both 
hookw’orms and other strongyloids. 
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The (lowing ol the first ninety sheep on the first day was done 
personally and it was arranged that the owner should continue the 
first dosing and also carry out the retjuired secjond and third treat¬ 
ments. Tlie collection ot the faeces was also done under the super¬ 
vision of the owner, when 25 to dO grams from each sheep were 
placed in a suitable tube in 10 per (;ent. formalin and sent to the 
laboratory for further examination. As the sheep from which the 
samples were taken were on ea(‘h occasion taken at random it is 
possible that samples from the same sheep may have been collected 
on more than one o(‘casion ; the chances. howe\er, aie that on each 
occasion the sheej) were different, or at least the greater number of 
them were. 

The results after these tieatments may be summarised as follows: 
l.s/ frvntnieni of 54 samples taken*: — 

2 d (42 (i per cent.) were free of hookworm eggs ( - 
15 (2"*'^ <‘pnt.) weie just positive for hookworm eggs (t). 

d (5-5 per cent.) had a light infection of hookworms (tt). 
tit) ()])ercent.) had a fair inefction of hookworms (ttt). 

4 (7 4 ])er cent.) had a g(H)d infection of hookwornis (4ttt). 

In addition all the sheep showed the presence of a considerable 
number of other neniatode eggs (tt+ to tttt). 

Aftei 2iifl irrdlutrni of 50 >'a>nj)les taken from the whole flock: — 
dS (70 j)er cent.) wtne free ot hookworm eggs ( - ). 
d (() ])er cent.) were just positive for hookworm eggs (t). 

5 (10 per cent.) had a light infection ot hookworms (tt). 

2 (4 per cent.) had a fair infection of hookworms (ttt). 

2 (4 ]>er <-ent.) had a goo<l infection of hookworms (tttt). 

With regard to other helminths the.se .samples showed that: — 

10 (d2 f)er (*ent.) were free of all helminth eggs ( - ). 

5 (10 pen* ent.) were just positive for helminth eggs (t). 

10 (d2 per cent.) showed a light helminth infection (tt). 

0 (12 per cent.) showed a fair helminth infection (ttt). 

7 (14 per cent.) showed a good helminth infection (tttt). 

After the f\r(l treatin<ent of 54 samples taken from the wdiole flock : — 
54 (100 per cent.) were free of hookworm eggs ( - ). 

45 ( 8 d*d per cent.) were fiee of all lielniiinh eggs ( - ). 

4 (7 4 per cent.) weie just ])ositive for helminth eggs (t). 

d ( 5*5 per (‘ent.) showed a light helminth infection (tt). 

2 (d *7 per cent.) still had a fair helminth infection (ttt). 

(♦These samples were taken at random from the 90 sh(?ep dosed person- 
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For practical purposes we can consider that the sheep which 
are just posilive for hookworms (i.e. from 25 to 30 grams of whose 
faeces after sedimentation and centrifuging not more than 10 eggs 
are seen in 4 to 5 drops from the top of the centrifuge liquid) are 
also uc.red, as the few worms which they contain would not produce 
any clinical symptoms. We have then a percentage of sheep cured 
of hookworms of 70*4 iier (‘ent. after the first treatment, 82 after the 
second treatment and 100 after the third treatment; in addition we 
find a percentage ctire from other helminths of 42 after the second 
treatment and 00*7 after the third treatment. If these figures, 
which statistically are highly significant, are indicative of the 
flock, then the efficacy of Tetrachlorethylene, dosed immediately 
after the administration of a 2 per cent, solution of Copper sulphate, 
is very satisfactory. (Fig.) In addition the margin of safety is very 
high, as some 1,400 doses were administered with only 7 deaths, all 
of which were acidental and due to the direct result of the passage 
of either the Copper sulphate solution or Tetrachlorethylene direct 
into the lungs. It is true that bloating was often a sequel of dosing, 
but when the sheep are dosed in the morning, after having ])een 
kraaled overnight, this reaction is not serious; besides it is doubtful 
whether this bloating can be considered to be a general sequel of 
Tetrachlorethylene administration; it is possible that some ingre¬ 
dient in the feed in this particular area is a predisposing cause, 
perhaps vermeerbossie {Gcigeria spp.) which is very ])lentiful in 
this area. 

In order that these highly significant results could be confirmed or 
not the treated sheep were personally examined 25 days after the last 
dosing and 50 faeces samples were ^gain taken from different sheep. 
The improvement in the general condition of the treated ewes was 
striking; whereas prior to tieatment they were all very thin, weak 
and anaemic, they were now in a very good and strong condition. 
Only three sheep in the whole flock were still poor, and one of these, 
the only one in the flock, showed clinical symptoms of verminosis 
(anaemia and swollen jaw). A post-mortem of this shee]) showed 
about 50 hookworms and,a good number of wirewoinis and nodular 
worms. Faeces from the other two showed no hookworm eggs on 
examination, but both still had a light infection with other w'orms. 
The 50 samples, taken at random, included faeces from these three 
sheep, and on examination the following results were obtained: — 


47 (94 per cent.) free of hookworms (~). 

1 (2 per cent.) just positive for hookworms (t). 

2 (4 per cent.) fair infection with hookworms (ttt). 

27 (54 per cent.) free of all other worms (~). 

15 (30 per cent.) had a very light infetdion wdth other 
worms (t). 

4 tS per cent.) had a light infection (tt), 

2 (4 per cent.) had a fair infection with other worms (ttt). 

2 (4 per cent.) had a good infection with other worms (tttt). 
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GAIGERIA 



EXPLANATIONS 

Clear - Free (-) 

Stippled - Just Positive (+) 

Black - Positive (++ td +-!•++> 
A - Before Treatment 
B » After let Treatment 
C “ „ 2nd „ 

D - 3rd „ 

E X Untreated Control Lambs 


OTHER HELMINTHS 



1 * Before Treatment 
2“ After 1st Treatment 
3- 2nd 

4 3rd 

5 25 days after 3rd Treatment 

6 > Untreated Control Lambs 


Fijr. 1. Columns showing worm burdeu (Ck^lgeria and other Helminths) of 
flock before and after treatments with Tetraehlorothylene. 
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From these results it will be seen that whereas in the previous 
faeces samples taken 10 days after the tliird dosing* all were free of 
hookworms in these latter, taken 25 days atfer the last dosing three 
show^ed hookworms eggs This is not due to reinfection as it takes 
about 10 weeks for tliese hookworms to attain the egg laying stage 
ill the host; the only explanation is that these sheep were infected 
prior to treatment and that as far as they were concerned the treat¬ 
ment was not successful, in that the drug was, at least in two of 
them, not swallowed direct into the abomasum. That the previous 
samples were all negative was simply a matter of chance, as the 
sheep from which they were taken were not selected. Taking the 
combined results of these two faecal examinations we still obtain 
very signifi(;ant lesults, namely out of 104 samples there are 101 
free of hookworms, and only d still infected, a percentage absolute 
cure of just over 97, which is very satisfactory. 

That the loss of infection was not due to a natural loss of the 
hookworms is shown by about one hundred lambs wdiich were run¬ 
ning with the ewes; faecal examinations of ten of them showed that 
seven of them harboured a light hookworm infection at the time the 
last faeces samples were taken from the treated ewes. It may thus 
justly be (‘included that these latter samples fully confirm the 
results of those taken previously; this view’ is also supported by post¬ 
mortem examinations done by the owmer on four sheep which had 
died as a result of eating vermeerbossie {Geigerui sp.) a few’ days 
after the taking of the third batch of faeces samples; in these sheep 
there were no hookw’orms; neither were there any wdreworms or 
trichostrongyles; three of the sheep were also free of nodular w’onns 
and one had very few. 

• 

As far as the other worms are concerned, the results obtained 
from an examination of this last lot of faeces is also very striking 
and supports the previous results. It is true that the infestation is 
now’ higher (54 per cent, free as against per cent, free) but the in¬ 
tensity is not very much greater and can be very easily explained 
as due to reinfection; the period of 25 days since the last dosing 
is (piite sufficient for w’jrew’orms and trichostrongyles to infect shee]) 
and attain the egg-laying stage. The intensity of infestation w’ith 
these worms is, however, very much low^er than that in the one 
bundled lambs running w’ith the ewes or in a flpck of about three 
hundred and fifty lambs weaned some four months previously and 
running separately. As this infection w’as a mixed one, consisting 
of w’ireworins, trichostrongyles and nodular w’orms, and as the ewes 
harboured all these worms to a very marked extent prior to dosing, 
we are for(*-ed to the concdusion that their dimunition is due to the 
dosing with Tetrachlorethylene. 

That this drug has a toxic effect on hookworms, wirew’orras and 
trichostrongyloids is very easily appreciated, because, when dosed 
direct into the abomasum, the drug immediately or very soon comes 
into contact with these helminths in a very concentrated condition 
and its action is then veTy quick; in two sheep post-mortemed 
thirteen hours after dosing, no worms w'ere found in the abomasum 
or small intestine, but numerous hookw’orms were present in the 
large intestine up to the anus; in ninety sheep, whose droppings 
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were examined four hours alter dosing, a number were already 
pfissing dead hookworms. Tn both cases no searcli was made for 
wirewoims or trichostrongyles. Its role, however, in the expulsion 
of the nodular worms is not so clear, and its effects on these worms 
became apparent only after the second and third dosings; it is 
possible that after the initial removal of the hookworms, wireworms 
and trichostrongyles, the balance between the nodular worms and 
their host tjecame distinbed with the result that the worms were 
naturally go rid of. During the whole course of treatment no 
scouring of the sheep was noticed whi(di would naturally tend to rid 
the sheep of a portion of its nodular worms. 

While these experiments were being carried out, more detailed 
information became available with regard to stimulation of the 
oesophageal reflex and, in view of the facd that it appeared necessary 
to use 10 per cent. (hiSO^ for satisfactory stimulation in full-grown, 
poor-comlitioned sheep, tests wdth 5 c.c. and 7-5 (‘.c. Tetrachlor- 
ethylene were again started on this basis. The following sheep were 
dosed with a mixture of equal quantities of the drugs and liquid 
paraffin, after a preliminary dose of 2*5 c.c. 10 per cent. CuSO^. 
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From these results it is seen that six out of nine sheep were 
freed of Gaigeria infestation by a single treatment with 5 c.c. of 
the drug, while two out of four were cleaned with 7*5 c.c. It 
therefore appears to be desirable to continue investigations in this 
direction in order to ieduce the costs and risks of this treatment. 


The Toxicity of Tetkachlorethylene. 

Information on the toxicity of this drug for sheep is urgently 
required. The experiments reported above and the experience of 
farmers have shown that the drug has tw^o properties wdiich are 
obviously undesirable. In the first place the drug is volatile and, 
even when given in mineral oil as a vehicle, sheep are^ very liable 
to cough and (‘hoke when the administration is not carried out with 
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great care. Secondly, absorption from the small intestine takes 
place very rapidly, since the sheej) show signs of giddiness withiji 
a few minutes of treatment, even if they have swallowed the mixture 
satisfactortly, and the drug can be smelt in their breath. 

The first difficulty cannot be obviated by administering the 
drug in a capsule, since it would then not be swallowed into the 
abomasum. Consequently attempts were made to find a better 
vehicle. Such a vehicle should comply with the following 
requisites: (1) It should bind the drug in such a w^ay that no fumes 
escape at the moment of administration; (2) it should be inactive 
itself and should not be absorbed from the abomasum or intestine; 
(3) it should reduce absorption of the drug without binding the latter 
in su(di a w^ay that it becomes less effective against the parasites. 
(It is known that some vehicles may enter into such a close combina¬ 
tion, e.g. solution, with anthelminthics that the efficacy of the latter 
is reduced.) This third requisite is the most difficult to satisfy, but 
it would be worth while to investigate in this direction, since Tetra- 
chlorethylene may become a satisfactory anthelminthic for eoso- 
phagostomes also if success could be achieved. 

At first a series of heavy mineral oils, right up to vaseline, 
were tried and the heavy oils did to some extent satisfy points 1 and 
2, but not 3, although efficacy was not reduced. 

it was then found that Tetraclilorethylene (also Carbon tetra¬ 
chloride) could easily be emulsified in the following way: To 25 (j.c. 
of an acpieous solution of 7*7 gm. soft soap add successive small 
quantities of a mixture containing 37 5 c.c. Tetrachlorethylene and 
37*5 c.c. liquid paraffin, w^hil^ shaking vigorously. The emulsion 
obtained resembles thick cream and can be diluted with half a 
volume of soft water. It will be seen that 40 c.c. of the diluted 
emulsion contains 10 c.c. Tetrachlorethylene. This emulsion can be 
administered without the slightest risk of coughing or (dioking ou 
account of fumes, because these are not given off. This satisfies 
point 1 completely. The emulsion is, how’ever, l)roken by the acid 
in the abomasum and. does therefore not have any further advantage. 
The sheep treated with 5 c.c. and 7'5 c.c. Tetrachlorethylene, 
reported on in the last test mentioned above, were dosed with this 
emulsion. Also in other cases it was found that the efficacy of the 
emulsion is quite satisfa(‘tory. 

Continuing investigations in this direction it was found that 
emulsions could be made with gum arabic using various proportions 
of the drug and mineral oil, e.g. gum arabic 9 gm., water to 50 c.c. 
O 2 CI, 50 C.C., liquid paraffin 25 c.c. Such an emulsion is not broken 
by acid and apparentl.y passes through the abomasum. On reaching 
the small intestine it is, how^ever, even more rapidly absorbed than 
a solution of the drug in mineral oil, causing more severe symptoms 
of giddiness. It has, however, the advantage that it can be mixed 
with solutions of magnesium sulphate or tannic acid, which would 
tend to decrease absorption . And indeed it w^us found that such 
combinations appeared to satisfy the requirements enumerated above, 
except that the efficacy against Gaigeria appeared to be greatly 
reduced. . . . . . , 
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It was further found that the addition of a small quantity of 
alkali (NaOH or NaHCOg) to the gum ambit* emulsion led to the 
rapid development of tympanitis in a fair proportion of the sheep, 
some dying as a result. 

lleturning to the soap emulsion it was found possible to add 
(ooton oil to the undiluted emulsion and then diluting as before. 
Sheep dosed with this preparation showed very little giddiness, the 
majority remaining quite noimal after treatment. Doses of 1 and 
2 e.c. (Toton oil were used. A treatment carried out on sheep in¬ 
fested with Gaifjcria, using an emulsion as described above and 
containing in each dose 10 c.c. C 2 CI 4 and 1 c.<‘. (uoton oil gave the 
following result: — 


Sheep. 

(Jaigeria and 
faectes passed 
in two days 
after treatment. 

Eggs at 
treatment. 

Eggs 14 days 
later. 

1. 

3 SxN* 

tt 


•> 

28 SxN 

+ttt 

— 

:j. 

21 SxN 

tft 

+ 

4. 

— SxN 

ft 

— 

5. 

20 N 

tttt 

— 

6. 

16 N 

tt 

1 

— 


* S=8oft. N—normal. 


In tests on sheei) infested wdth ()e.wphagosfo?num. columbianuin 
it seemed as if the efficacy was greater than that of an ordinary 
solution of Tetrachlorethylene and mineral oil. 

The above are only ])reliminary records of tlie work done in 
c.onnection with the undesirable effects of Tetrachlorethylene and 
the investigations will be continiied. 


Summary. 

1. Dcjses of 3, 4, 5, fi, 10 and 15 c.c. of pure Tetrachlorethylene 
per sheep are not efficient for the removal of the hookworm— 
G. parhysrelis. 

2. Doses of 3 , 4, 5 and (I <*..c. pure Carl>on tetracdiloride are not 
efficient for the remftvnl of the hookworm— G. pachysceJis. 

3. A dose of 8 c.c. of a half-and-half mixture of Tetrachlor¬ 
ethylene ancl Carbon tetrachloride is not efficient for the removal of 
the hookworm— G. pachyscelis, 

4* Doses of 1, 3 and 5 c.c. of Stafford Allen’s Extract of Pyre- 
thnim M.225 had no effect in the removal of hookworm—(r. pachy- 
celis. 
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5. When doHed into the abomasum after administering* 10 c.c. 
of a 2 per cent. Copper sulphate solution, 5 c.c. of Tetrachlorethy- 
lene in mineral oil was ineffective whilst 10 c.c. was very effective 
for removal of the hookworm— G. pachycelis. 

After 2*5 im*. of 10 per cent. Copper sulphate a dose of o c.c. 
was fairly effective. 

0. n-Butyl chlordie in 10 c.c. doses was only partially effective 
for ihe removal of the hookworm —G pnchysrebs —when dosed after 
Copper sulphate solution. 

7. In a flock of sheep badly infested with this hookworm and 
also with wireworms, trichostrongyles and nodular worms 10 c.c. 
pure Tetrachloiethylene in an equal volume of liquid paraffin admi¬ 
nistered three times immediately after drenching with 10 c.c. of 
2 per (^ent. CuSOj solution at intervals of 10 to 14 days was very 
effective for the removal, directly or indirectly, of all these worms, 
giving a percentage cure of 97 for hookworms and 83 for all the 
other worms. 

8. The undesirable effects of Tetrachlorethylene during admini¬ 
stration, i.e. (H)Ughing and choking, can be oven^ome by using a 
soap emulsion of the drug. 

9. Experiments carried out wdth a view to overcoming the 
rapid absorption of the’ drug from the alimentary tract and ils 
sequelae, i.e. giddiness and reduced efficacy, are described. 
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A New Fly Repellent and a Blowfly Dressing. 
Preliminary Report. 

Jiy 11. O. MONJJKi, Section of Parasitolooy, Onderstoimort. 


Everyone w’ho is acquainted with the jnoblem of myiasis in sheej) 
and r)tlier animals and also in man, realises the ini])ortance of a 
salisfa(*tory fl\ re}>ellent, and mmdi Mork has been done, ])arti(;ularly 
by llishop]) and his associates in the United States, to find a vSiiitable 
substance. 

In a search for dy re])ellenls ilie author has examined some oils 
of common South African plants and wishes to record in this article 
some })reliminary work on one such oil, which appears to be a very 
effective blowfly repellent, and also to re])ort on tests of certain 
chemicals which are very toxic to maj^gots and which could be used 
in combination with a repellent for the treatment of myiasis. 

Ta(jetes Oil as a Fly Kepelleni. 

The plant Tapetes minima (])opularly known in South Africa 
as khaki bush is a common weed which is a cause of trouble 
in maize and other lands in most i)arts of the Union. It grows on 
j)Oor, dry soil to a lieight of a few inches while, in more favourable 
circumstances, it may reach a height of seven feet and the main 
stem bears a number of branches, each developing a cluster of small, 
])ale yellow flowers at its tip. If the plant is cut it develops new 
branches and usually forms a more dense growth than before. The 
flowering season is towards the end of summer and during the winter 
the plants die off. 

This plant (contains a strongly-smelling volatile oil, or rather 
a mixture of oils, in its leaves, flowers and seeds. The oil can easily 
be obtained by steam distillation and the yield of the flowering plant 
is about 0*5 per cent, of the total weight. 

A few years ago it was maintained by a certain writer in the 
daily press that this plant contains an aclive ])rinciple wdiich was 
effective for treatment against internal and external jmrasites. The 
present author made careful tests with the distilled oil and also with 
infusions and decoctions of the whole plant against internal parasites 
such as Haenwnchvs rontortns and other gastro-intestinal parasites 
of sheep and, together with Mr. Bedford of this Institute, tested 
the material against Psoroptes commvnis oris and Melophagus ovinvs 
on sheep and ticks on calves. In all cases the results were entirely 
negative with the exception of a slight anthelminthic effect in some 
cases. 
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In order to test the fly repellent pro})erties of the oil various 
experiments were made. 

A. Tests wrjH Treated Bait. 

1. The first test \ras made by dividing the liver of a slightly 
decomposed sheep eaif'ass into two equal parts and placing each 
half into a large, shallow glass dish. Specimen A was the untreated 
control; 10 dro})s of Tagetes oil Avere dropped on different parts of B 
and the oil soon s})re4id over the whole surface of the liver. The 
two dishes were placed in the broken shade of trees where blowflies 
were plentiful. Two days later specimen A was attrai'ting large 
numbers of flies and contained numerous eggs and young maggots, 
while B was still quite free of flies, eggs and maggots and the smell 
of the oil was still quite strong. 

2. The second test was made in a way similar to the method 
used by Bishopp and his co-w’orkers. (Hass beakers of one litre 
capacity were used as (jontainers. Into each was placed moist sand 
to a height of 5 cm., and on this GO gm. liver and GO gm. intestines 
of a slightly decomposed sheep carcass. The bait w^as sprinkled over 
with 1 c.c. of the rei>ellent tested, atteini)ting to si)read the fluid as 
evenly as jmssible over the bait. The beakers w^ere jdaced G feet 
apart under a thatch roof open on all sides. Twt) beakers w^ere 
prepared for each rej)ellent and there w'ere three controls; they were 
so arranged as to get the best jmssible balance, taking into account 
the effect of light and the possible influence of one sj)e(‘ijnen on the 
other. The results are g*iven in the follow’ing table 




Tagotes Oil. 

• 

Oleum Picis (Commercial) 

(^jntrols. 




Flies. 

Egjfs. 

Mag¬ 

gots. 

Flies. 


Mag¬ 

gots. 

Flies. 

Eggs. 

l-i 

^ &o 

22/1/35 

12.0 p.m. 

Specime 

ms wer 

e set o!j 

t. 






22/1/36 

4.0 p.m. 

0 

0. 

0 

2M.d./2 

0 

0 

5M.d./3 

0 

0 

23/l/3r. 

9.30 a.m. 

0 

Weather 

0 

oloiidy, 

0 

cool wi 

IM.d./l 

nd. 

0 

0 

0 

0 

0 


12.0 p.m. 

0 ' 

Clouds b 

0 

roken, 

0 

tempera 

2M.d./l 

ture rising 

0 

0 

2L.8,/ 

8M.d.,/3 

0 

0 


2.0 p.m. 

0 

0 

i 0 

2L.8./2 

2M.d./ 

+/2 

0 

6L.8./3 

10M.d;/3 

lB.h. 

+3 

S.h./] 

24/1/35 

9.30 a.m. 

0 

0 

d 

1L.8./1 

4M.d,/2 

+/2 

+/J 

9M.d./3 

-f/3 

+./3 


12.0 p,m. 

lb.8./l 

IM.d./ 

+/1 

0 

lL.8.q 

6M.d;'8 

-f/2 

■f/1 

3L.8./3 

llM.d./ 

+/3 

4-/3 


2.0 p.m. 

2M.d./l 

+/1 

0 

4M.d./2 

+/2 

4/2 

3L.8./ 

21M.d./ 

+ ''3 

-f./;j 

2.5/1/35 

9.30 a.m. 

0 

t/l 

/ 

16L.8./ 

20M.d./2 

+/2 

+/2 

20L.S./ 

25M.d..'3 

+ /3 

■f/‘< 


M.d. Musca domutim. 

L.8. = Liwilia serkata, 

S.h. ~ Sarcophaga haemorrhoidalid. 

2M.d./2 = 2 M.d. at 2 beakers. 

4-/1 or larvae present in one beaker. 
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It will be seen that the ta^retes oil w'as very effective, particularly 
in comparison with oleum picis. The latter does not show up well 
because t'he quantities of the repellents used were small, but this was 
done since it had been determined in other similar tests made 
previously (not here recorded) that the taj^etes oil ai)])eared to be 
stronj^er than oleum i)i(ds in regard to repellent j)ro[)erties for blow¬ 
flies. 


It is not the intention to record in this preliminary ie])ort all 
the tests that have been made, but to give a few typical results 
obtained after the first tests made for orientation had been carried 
out. The work is being continued in various directions and more 
detail could be given in a later article. 


Jl. Tksts in Oi.k.actometkr. 

Since Tagetes oil has a very strong odour it was tliouglit that 
this might siinjily mask the odour of baits used and it was therefore 
decided to test whether the oil has definite rejiellent projierties tor 
flies. 


The tyfie of olfactometer described by Krygsman (HKiO, 19dl) 
was constructed and tried. It was found, however, that the central 
box in which the flies are jdaced was too large and that the flies 
only accidentally entered the two tubes at the sides. Moreover, it 
apjieared from other tests that the flies do not easily enter into a 
tube which has no ventilation ex(*ept at its entraiu'e. 

The aiiparatus shown in I'ig. 1 was constructed after several 
trials and is believed to satisfy the requirements of flies such as 
blowflies, houseflies and others, which are sufficiently active. The 
ajqiaratus has also been tried for mosquitoes, but these have the 
habit of settling down in a suitable spot and do not move about 
sufficiently to give the desired result. 

The apparatus consists of a box A, measuring about 35 by 15 
by 15 cm. The entrance is guarded by a gauze “ sleeve the sides 
consist of wire screen and the exit is controlled by the sliding door B. 
This leads into a small box C, measuring 12 by 12 by 12 cm. Its 
top and front are made of glass, the rest being metal (or wood), 
and each side contains a circular opening of 7 cm. diameter 
surrounded on the outside by a short projecting collar. Further are 
required several tubes, which can most conveniently be made of 
celluloid, measuring (iO cm. in letigth with a diameter of 7 cm. 
They must fit well into the lateral openings of box C. Each tube 
IS ])rovided with four longitudinal openings or “ windows ’’ which 
are covered with gauze cloth and these must be equally large and 
evenly sjiaced in all the tubes. These window^s provide ventilation 
and prevent the smell of the repellent tested from spreading through 
the whole apparatus. When the apparatus is used the windows 
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should therefore face upwards. The top and front of box C were 
at first made of wire gauze, but it was found that the flies would 
then not readily enter into the tubes. 

The ap])aratus is set up as shown, the ends of the tubes being 
plugged with cotton wool and the box C facing towards the light. 
It is best to work in a large room where there is no draught and not 
too near a window , placing the ai)paratu8 in such a j) 08 ition that 
the light is distributed as evenly as possible over both the tubes. 
This light factor is very important. About (!0-80 flies are placed 
into box A and they wdll soon i)ass through into C. The trapdoor B 
may now’ be (dosed, but as a rule tlie flies wdll not reiurn into the 
darker box A and Ihe open door provides further ventilation, keeping 
the smell of the repellent from entering the blank tube. 

A blank (ount is first made, after allowing the flies a few’ minutes 
to get accustomed to the ai)j)aratus. (Vuints may be made every 30 
or 60 seconds and !20 counts are made in all. Only the flies in the 
distal half of each tube should be counted, and for this juirpose it 
is necessary to draw’ a line around the middle of each tube, it is 
convenient in the interval between counts to keep count of tiie flies 
in one tube so that at the correct moment attention can be given 
to the other to register the number there. When re])ellent has been 
introdiuted into one tube the flies in this tube should be w'at(*hed in 
order to see how^ they react to the material when th(\v come near it. 

The preliminary blank count wdll show’ whether the distribution 
of light is sufficiently even on both sides. Necessary adjustments 
should be made. A drop of the repellent is now’ placed on to a plug 
of cotton wool and this is slipped into the place of a jdug on one 
side. Beginning after a few’ minutes 20 counts are made. The plug 
with the repellent is rejdaced by a clean one and the flies are then 
chased back into by ])ushing the plugs into the proximal ends 
of the tw’^o tubes; tliey are further brought into A by turning this 
side to the light and placing a dark cloth over if necessary and 
then (dosing the door B. Fresh tubes are imserted, the rejjellent 
being now placed on the other side, and the flies are alloweci to 
return. The a])paratus should be replaced exactly in its previous 
position. Another 20 counts are made, fresh tubes again inserted 
and finally 20 blank counts (jomplete the test. Instead of inserting 
fresh tubes for the sec'ond count with ie])ellent the whole a])])aratus 
may simjdy be turned upside dow’u, so that the repellent is now* on 
the other side, but care must be taken to regain the exact previous 
position with reference to the source of light. The counts are finally 
summed u]) and, if necessary, correcdions are made as indicated by 
the blank counts. 

Tests with tagetes oil were made as follows: — 

1. Flies: Mnsca domesfira, Lucilia sericata, ChrysoDhyia 
alhiceps, Chrysomyia chJoropyga SiiiA Sarcophaga hacmorr^ 
hoidalia: The blank counts were sufficiently even. 

Hepellent, 68; empty tube, 200. 
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2. Flies: Lncilia sericata, dhrysoviyia rlUorophyya: Repel- 
leni, empty side, 255. 

Flies: Lunha serirata: llepelleiit, 75; empty side, 2](). 
In this case a few flies were ai)ptireiitly overcome by the 
taj^etes oil and they remained in the end of the iiibe in 
a dazed condition during* the rest of the count, being 
counted each time. 

4. Flies: Lucilia sencata: liepellent, 55; empt\ side, 749. 

5. Comparative test with oleum jncis and Luciha sericata: 

Uepellent, 24iS; empty side, d47. The oleum picis does 
not show up well in this aj)paratus. Flies will even 
settle down on the ])lug carrying the material. 

It ap])ears theiefore that the tagetes oil has deflnite repellent 
properties, and it has also been noticed that blowflies a])proac.hing 
a \vound which has been treated with mixtures containing the oil 
will ra])idly fly off without settling down. 


C. Tests with Larvicides. 

It is Jiot necessary here to recount all the tests made with 
different materials, most of which had been tested before by other 
workers. No other substance that could be used on a w^ound wtjs 
found to be even nearly as effective as carbon tetrachloride and tetra- 
chlorethylene, both known to be strong iiisecticides. 

The tests were made as follows: Lticflut sencafa eggs were 
collected by allowing the flies to lay on small ])ieces of liver. The 
larvae w^ere allow’ed to develop in suitable surroundings until they 
began to migrate from the food material. These fully-developed 
third stage larvae are known to be the most resistant stage and w^ere 
used in order b) maintain this factor as constant as possible. 

As a rule 20 larvae were placed in a suitable tube and the 
mixture to be tested was poured over them to a de])th of about 
2*5 cm. The tube was gently shaken and the period of reaction 
timed by means of a stopwatch. At the end of the time the mouth 
of the tube w^as covered with a jnece of gauze cloth, the tube turned 
ujiside down and shaken so as to drain the fluid off quickly. The 
larvae were then transferred to tubes containing clean sand and 
these tubes were closed with gauze cloth. After allowing sufficient 
time for pupation and emergence of the flies and after the latter 
had died, the contents of each tube were sived out and the number 
of dead larvae, dead pupae and flies counted, as recorded below. 

In order to ensure satisfactory contact between the material 
tested and the larvae it was decided to emulsify the volatile 
substances such as carbon tetrachloride, tetrachlorethylene and 

424 



H. O. MONNIG. 


benzine. Oily mixtures, when applied to wounds, have the undesir¬ 
able effect of softening the tissues and preventing the formation of 
a healthy scab. Watery emulsions dry off rapidly and only the less 
volatile portions remain on and around the wound. The jnixtures 
used in the te.sts recorded below were not all satisfactory emulsions 
as will be discussed later. 


For the sake of brevity the following abbreviations are used: — 
cell - Carbon tetrachloride, CaCUj ~ Tetrachlorethylene, T.ol. = 
Tagetes oil, (x.ar. -- gmri arabic, Aq. — Water (distilled). 


I. 


Mixttin'. 


Time of 
Reaction 
in Mins. 

T)ead 

Larvae. 

Pupae. 

Flies. 

1. Heiizme 10, T.ol. 10, G.ar. 5, Aq. 

75. 

I i 

1 

2 

12 

2. ,, 10, 10, ,. 5. ,, 

75. 

o 

0 

0 

20 

.‘1. ,, 20, ,, 10. ,, 5, „ 

65. 

1 

18 

1 

J 

4. „ 20, ,, 10, 5. lead 

late .*} 05. 

act'- 

3 

20 

0 

0 

5. .. 20, G.ar. 5, A(j. 75. 


3 

18 

2 

0 

0. Cgl’li 10, T.ol. 10, G.ar. 5, Aq, 75 


:i 

18 

0 

2 

7. Aq. 100 (42 larvae). 


3 

0 

3 

30 

- — — __ __ __ 


__ 

'___ 

_ ___ 

_ __ 


It is seen that 10 ])er cent, benzine even for 3 minutes is not 
suthcienlly effectivt* and com])ares ratlier unlavourably with tetra¬ 
chlorethylene; 20 per cent, gave better results but was disa]qiointing 
in subsequent tests. The lead acetate was added on account of its 
favourable eff'e(d on wounds and it did not break the gum arabic 
emulsion. 


II. 





Mixture. 

Time of 
Reaction 
in Mins. 

1 lead 
Larvae. 

Pupae, 

Flies. 

8. 

Benzine 

^ 20 , 

G.ar. 5, Aq, 75. 

•> 

12 

6 


9. 

c,oi’ 

20, 

M lead acetate 75.., 

2 

1 

0 

19 

10. 

20, 

„ 5, Aq. 75. 

2 

20 

0 

0 

11. 


20, 

,, 5. 3"(, lead acetate 75... 

2 

20 

0 

0 

12. 

CCl’’ 

20, 

5, Aq. 75. 

2 

19 

1 

0 

13. 

»♦ 

20, 

,, 3, 3% load acetate 76... 

2 

12 

6 

2 

14. 

T.ol. 

10, 

,, i), Aq. 8.5. 

1 

1 

0 

19 

15. 

3% load acetate 100. 

2 

0 

0 

! 

20 


2 
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Ill this case the lead acetate appears to have counteracted the 
effect of benzine and to a slight extent also that of carbon tetra¬ 
chloride, but this is probably not the correct interpretation of the 
result—see 3 and 4 above and other tests below. 

Tagetes oil has no appreciable larvicidal effect. It was decided 
to try woolgrease as emulsifier, since this would lie jiarticularly 
suitable for use on sheep. Emulsions with lead acetate were, how¬ 
ever, not satisfactory and apparently did not bring about satisfactory 
contact between the insecticide and the larvae: — 


111 . 


Mixture*. 

Time of 
Reaction 
in Mins. 

Dead 

Larvae. 

PuiJiie. 

Plies 

16. C 2 GJ 4 20, T.ol. 10, woolgrease 5, .3% lead 
acetate 65. 


5 

0 

15 

17. ,, 20, T.ol. 10, G.ar. 5, 3% lead acetate 65 

o 

20 

0 

0 

18. ,, 20, woolgrease 5, 3% lead acetate 75 

19. Benzine 20, T.ol. 10 , woolgrease 5, 3% lead 

acetate 65. 

o 

0 

2 

IS 

2 

0 

1 

19 

20. ,, 20, T.ol. 10, G.ar. 5, 3% lead acetate 

65. 

2 

3 

1 

k; 

21 . ,, 20 , woolgrease 5, 3% lead aeetate 7r> 

2 

0 

0 

20 

22. Aq. 100. 

i 2 

1 0 

I 

0 

20 


Soap emulsions were now tried and it was found that the 
substances tested could very easily be emulsified as follows: — 
Benzine, CCI 4 or C 2 CI, 50 cc.; Tagetes oil, 25 c.c.—A. Soft soap, 
9 gm.; water to make 25 cc.—B. Add successive small quanfities of 
A to B and shake. The thick emulsion is diluted with 150 cc. water, 
giving the following concentrations: 001^, 20 per cent.; Tagetes 
oil, 10 per cent.; Soap, 3*6 per cent. In these tests 40 larvae were 
used in each case. 


IV. 


Mixture. 

Time of 
Reaction 
in Mins. 

Dead 

Larvae. 

Pupae. 

Flies. 

23. 

CjCl. 20 . T.ol. 

10, soap 3 

tt 

6 , Aq. ad 100... 

1 

5 

0 

35 

24. 

9 9 9 9 

2 

27 

3 

10 

25. 

,, ,, 

9 * 


3 

24 

6 

10 

26. 

CCI 4 20 , 

9 9 


1 

10 

7 

23 

27. 

ff »» 



2 

34 

5 

1 

28 . 

,, 



3 

39 

1 

0 

29. 

Benzine 20 , ,, 



1 

2 

1 

37 

30. 


9 9 

,, ... 

2 

0 

3 

37 

31. 

ft ^9 


99 • • • 

3 

2 

1 

37 

32. 

Water.. 



3 

1 

2 

37 


The above test showed, as had been noted before, that CCI4 and 
C^Cl* were more effective larvicides than benzine. Since the tem¬ 
perature of the sheep’s body would probably have an influence on 
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the reaction by increasing the respiration of the larvae, the above 
cest was repented with the modification that the emulsions were 
warmed in a water-batli to 28^ C. before being j)oiired on to the 
larvae. In each (*ase 20 larvae were used. 


V. 



Mixture. 

Time of 
Reaction 
in Mins. 

Dead 

Larvae. 

Pupae. 

Flies. 

20. T.oi. 

10, soap 3 6, Aq. ad. JOO... 

1 

7 

1 

12 

:h. 


2 

10 

1 

0 



:i 

20 

0 

0 

:jg. vc\, 20, 


1 

4 

11 

5 

:n. 


2 

20 

0 

0 

:iH. 


ii 

20 

0 

0 

:J9. licnzint* 20, 


I 

1 

1 

18 

40. 


2 

0 

1 

19 

41. 


3 

2 

1 

17 

42. Water. 

_ _ _ 1 


0 

! 0 

20 


With regard to the reactions of t’he larvae under the influence 
oi these emulsions it was observed that stunned them almost 

immediately, while apjieared to irritate them strongly for a 

few seconds before they quietened dow’n and became motionless. It 
was thought that this property of the latter drug might be favour¬ 
able, since it would cause the maggots to crawl out of deej) wounds 
before they were killed. Tests made on sheep, however, show^ed 
that unfortunately irritates the wound and the animal to a 

similar degree and that it had to be dis(‘arded for this reason. 

It was further found in testing various emulsions on sheep 
that the free alkali of soft soaj) was irritating and the soap emulsions 
had to be given up. Woolgrease was ’again tried and satisfactory 
emulsions could be made in the following way:-Weigh off into a 
suitable flask 60 gm. woolgrease; measure off (A) 200 c.c. CCl, -h 
50 c.c. Tagetes oil (it had been found that 5 ])er cent, of this oil is 
sufficient as a repellent in the mixture); measure off also (II) 700 c.c. 
water. Add about 20 cc. of A and 100 of B to the woolgrease and 
shake or stir to emulsify, then add moie water and, if necessary, fur¬ 
ther small (|uantities of A up to GO c.c., shake to emulsify and go on 
adding water until all of B has been incorjmrated. Then add the 
rest of A and shake. Owning to the fact that woolgrease contains 
small quantities of free acid, the emulsion wdll not keep w^ell. A 
few dro])s of phenolphthalein are therefore added—about 10 drops 
to the above quantity—and the emulsion is neutralised by adding a 
small quantity of 10 per cent. NaOH solution. After a few^ days 
the ])ink colour of the indicator may disapi»ear on account of the 
liberation of further small quantities of acid and alkali should be 
again added in sufficient quantity to neutralivse, or sufficient may be 
added the first time to give a definite pink colour. Since different 
samples of woolgrease vary in acid content the amount necessary 
cannot be stated definitely, lu^t 12 c.c. of 10 per cent. NaOH to a litre 
of emulsion may be an average quantity to go by. 
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The emulsion may also be made by leaving out the Tagetes oil 
at first and adding it later to the neutralised emulsion of woolgrease, 
CCI4 and water. 

Tests with the above emulsion gave the following results:-" 

VI. 


Mixture. 

Time of 
Reaction 
in Mins. 

Dead 

I..arvHc. 

Pnpac. 

Flies. 

43. C(U 4 20, T.ol. 5, woolffrease 6, Aq.ad. 100 (25“(^) 

1 

20 


0 

44. 

0 

20 

0 

0 

45. ,, ,, ,, ,, j 

3 

20 

0 ; 

0 

46. „ „ „ (.30 C.) ! 

] 

20 

0 

0 

47. „ „ 1 

2 1 

20 

^ 1 

0 

38. 

3 

20 

0 

0 

49. Water. 

3 

0 

0 

20 


The above result was so satisfactory that it was decided to repeat 
the test and also to try 10 ])er (*ent. CCI 4 in the same emulsion. In 
test VI, the room temperature had been 25® C., in test \'IT it was 
21® and this was also the temperature of the emulsion (40 larvae 
used in each case*): — 

VIT. 



CCI 4 10 per cent, is apparently not sufficient and it may be 
advisable to keej) to the 20 per cent, emulsion. The fact that 17 
j)upae failed to emrge in the case of the control may reduce the value 
of the test to some extent. How^ever, in Nos. 50-60 the larvae never 
moved after having been immersed but gradually turned black and 
dried out. 

With regard to its larvicidal effect this emulsion may be con¬ 
sidered as satisfactory. 
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1). Tests on Sheep. 

While the mixtures mid emulsions deseribed above were beiii”* 

tested oil larvae, they were also tested on infested sheep, as already 
indicated, and the satisfactory larviiidal eifeci of carbon tetra¬ 
chloride, as well as the fly reiiellent properties of Ta»*etes oil was 
clearly demonst rated. 

The requirements ol a ^*ood blowfly mixture are: (J) Strong 
larvicidal ett'ect; (^2) absence of irritation and interference with the 
healing* of the wound; ('>) |u*eAention of re-in testation until the 
wound is heah*d. 

The emulsion described above satisfies these recjuiremeiils to a 
high degree. The larvicidal (dVect is eminently satisfactory. The 
caibon tetrachlorid(*-woolgrease emulsion with Tagetes oil has very 
slight irritant properties, it an> . Some sheep will be uneasy for a 
few moments after the a])j»lication ot the emulsion, but this jiasses 
ott‘ veiy (piickly and there is no sign of iiritation or interfereiU'e 
with the healing of the wound. The writer has a]>])lied the emulsion 
to a fresh abrasion on his hand and noti(‘ed no irritation whatever. 

The emulsion has l)t‘en tested on a tairh large numbej* t)f cases 
with modm*ate to ver\ large wounds and in m* case did re-infestation 
occiu*, except in one shei'p which lay prostiate and was repeatedly 
\Mdted 1),) rain. This case was re-infected five days after the first 
treatment. The emulsion breaks sooji after it has been ai>])lied to 
the ^^ound. The larvae me killed within a minute and the carbon 
tetrac'hloiide and water evaporate fairly soon, the length of time 
reijuired dejiending on the humidity and teinjierature »)f the 
atmos])here. The woid-grease and Tagetes oil s(‘ttle down in the 
wool suirounding the wound and the smell ot tlie oil is in evid(*nce 
tor 10-14 days. The wound is usually dr\ after hours and heals 
ra])iill,\. 

Tests are now being (onducted with this emulsion under different 
conditions with reference to climate, ])aslure, etc., and also on cattle 
subject to attack by the screw-worm ('hrjjsi)tnjiKi l)r::nnnf. Tn om* 
case a farmer treated a number of infested cattle with complete 
success, no r(»-infestation occurring. The results of other tests are 
not yet available but will be reported upon at a latei* date. 

It has been found that the 5 per cent. 1\igetes oil can be replaced 
by 10 jier cent. Ob um ]»icis, but covses of re-infestation have oc’curred 
when such an emulsion was used. 

SVMAIAUY. 

It is shown that the steam-distilled oil of the iilaut 7h;/cfc.s* 
mivnna has vstrong repellent ])ro])erties for blowflies and that it is 
suitable for use in a blowfly dressing. 

Carbon tetrachloride and tetrachlorethylene are ex(‘ellent larvi- 
cides for use against blow^fly maggots, but tetraehlorethyleiie is 
irritating on w^ounds. Both tliese drugvS are distinctly more effective 
than benzine. 
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Emulsions of the abovemeutioned substances are suitable as 
blowfly dressing’s and woolgTease was found to be the most satis¬ 
factory emulsifier. 

Particulars are given in regard to the preparation of a suitable 
emulsion. 
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THE TOXfN OF 


CE. CHAUVOEl 


INTRODUCTION. 

(//. rhaurori is an anomalous member oi‘ the ^rou]) of pathogenic 
spore-bearing anaerobes. Whilst small amounts (0 1 c.c.) ol living 
cultures, inoculated subcutaneously or intramuscularly into sus( eptible 
animals (bovines, sheep, guinea-pigs) may pjoduce gas gangrene and 
death within 24 houis, yet it requires a large dose (5 to 20 c.c.) ot 
sterile filtrate administered intraperitoneally io guinea-pigs to kill 
them. One may call such a filtrate “ toxin ”, but it is hardly to be 
compared with the exotoxin of f 7. trcirhn and certainly not with tlmt 
of r/. iefatti, Leclainche and VSllee (1900M record that Martin’s 
broth cultures are toxic aftei* 4tS liours’ immbation and that toxicitx 
increases up to If) days. Of a filtrate of a 5-day culture, 5 c.c. to G c.c . 
killed a guinea ])ig in 12 hours, when administered intraperitoneally. 
They note that the toxin was heat stable. Reiser (lOlS) >tates that 
] 0 c.c. to 1*5 c.c. of a filtrati' of a 10 to 12 days' Martin's lin)th 
culture was lethal to guinea-pigs. Kojima (102d'.“) sho^^s that the 
filtrates of young (18 to OG hours) (uiltures in Mai tin’s broth jilirs 
0*1 to 0*2 per (ent. glu(*ose and fresh guinea-])ig muscle pie<*es \\ere 
toxic for mice (intraviuious injection) in doses langing ti'om 01 I'.c. 
to 0*7 (*.c. The toxin had an acute ac tion, ])roducing symptcmis and 
death in from 2 to 3 minutes u[) to an hour oi two. This toxin (or 
another <*onstituent of the toxic filtrate) \Nas haemolytic. Moth ^^ere 
thermo-labile, resisted storage badly, and were neutralizable by 
67. vliauvoci antiscu’um. Eichorn (1018) states that filtcales jiossess 
toxic properties and Lecdaimdie and Vullee (1028) record that from 
the 24th hour, 67. chauroei secretes a toxin capable of killing, 
immediately, various species of animals. Basset (1025^) shows that 
the filtrate of serum liver broth cmltnres kills guinea-])igs if 15 c.c. 
to 20 c.c. are given intraperitoneally. 1'he lethal ])ro])erties are 
practically the same whether the filtrate is fresh, 2 to 4 months cdd 
or preserved in the light or in the dark. Scott (1025) and Viljoen and 
Scheuber (1026) were unable to demonstrate a toxin in f7. dunirovi 
filtrates. Zeller (1925)*.used filtrates from three weeks’ old peptone 
liver broth (plus liver pieces) cultures; 10 to 20 c.c*. gi\en sub¬ 
cutaneously or intraperitoneally to guinea-pigs did not kill them 
and swellings only were produced on thc‘ subcutaneous injection of 
25 (*.(‘. and 50 c.c. into sheep and 100 c.c. into an ox. The wo]k of 
Orasvsberger and Schattenfroth (1908^) has not be*en confirmed. Tliey 
were able to demonstrate a most ])owerful to.\in in filtrates but there* 
would appear to be little doubt that a contaminating toxigenic 
anaerobe was responsible for this. This view is supported by their 
own results (1908^) in which thev show that guinea-pigs immune to 
the toxin were not immune to the inoculation of virulent bla»‘k 
(juarter material (e.g. muscle oedema fluid). Theie is little doubt that 
St. Ivanic’s (1922) cultures were not pure. Tlf 8 strains investigated, 
G ])roduced a pow^erful toxin, as little as ()*()05 c.c. of filtrate killing 
rabbits when injected intravenously. The oedema ” serum of the 
Vienna Serotherapeutic Institute was able to neutralize 10 mouse 
lethal doses of toxin in a dose of 0*001 c.c. This serum had no 
neutralizing effect on the cultures of the two non-toxigenii* strains. 
Kerrin (1934) demonstrated toxin and haeniolysin in filtrates of 
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buffered tryptic broth cultures. The lysin could haeuiolyse 

sheep red cells in a dose of U 0()!ir) c.c. to 0*005 c.c. Relatively small 
amounts (0 0025 c.c.-0*05 c.c.) of the sera of man, the ox, the 
sheep and the horse neutralized 10 minimal haemolytic doses, whilst 
1*0 c.c. of the sera of normal guinea-pigs, rabbits and swine did not 
have this effect, llie minimal lethal dose of the toxin (intravenous 
injection) was from 0 ()25 c.c. to 0*5 c.c. for mice and 0*5 c.<*. for 
guinea-pigs; 3*0 (*.c. did not kill a rabbit. The sera of man, horse, 
rabbit ami guinea pig had a neutralizing effect on the toxin. The 
effect of the toxin was very quick. Heating the filtrate at 52^ C. foi 
5 to 10 minutes destroyed the lysin and the toxin; however, both 
resisted storage fairly well. 

The write]*, in 1030 and 1031, at the Wellcome Physiological 
Researcli Laboratories, H(M*kenham, was able to demonstrale a v.*eaK 
toxin and lysin in the filtrat(‘s of young (bS to 24 hours) cultures of 
('L dmuroei (unjuiblished work). Tin* results were similar to those 
noted above, viz., the intravenous injection into mice of 
from 0 1 c.c. to 1*0 c.c. of filtrate killed them with a very 
shoit incubation period (few sec'onds to half-an-hour) and from 2*0 c.c. 
to 5 0 c.c. was necessary to produce death in guinea-pigs. 3'he lysin 
also was weak, the smallest haemol\sing do.se for sh(‘e]) cells being 
about 0*025 <■.<*. but usually 0*1 c.c. was necessary. Toxin-antitoxin 
neutralization tests wove unsatisfactory, owing to the small number 
of killing dose.s that could be used per test dose, often only one killing 
dos(‘, and owing to the rapidity with which the toxin killed tin* 
animal. However, the experiments showed that an antitoxin made in 
a rabbit had more proteiiive powcu* than normal rabbit serum and the 
imjiression was gained that (1. sepffdfm antitoxin had some 
neutralizing effecd. rnfortunately no definite conclusion could he 
dra^^n, as antitoxins made in horses against the toxins of (1. tccldnt, 
(1. hii^foJiftiruni and fV, tviam and the sera of some normal horses, 
bovines, goats and shee]) .sometimes neutralized one or two killing 
doses. 

On the writer’s ariiA’al at Onderstepoort, the subject was taken 
up afresh, it being felt that if a “ useable ” toxin could bt‘ obtained, 
the disease, black (piarter, could more easily be studied. 


METHODS. 

(hi/rriiKs IbsKU. 

(d. chuuvaei. 

Strain (14.—Isolated from a muscle of a heifer dead from black 
(piarter in Waterberg (Transvaal) in 11)29. This strain has been and 
is being used for the routine production of black quarter vaccine 
(anai'ulture) by the writer’s colleague, Dr. J. 11. Scheuber. 

Strain f ),—Brought from England by writer. Originally isolateil 
from the muscle of a bovine, which died of black (juarter in Europe, 

Straiii R, 77 ,—Isolated by the writer in 1934 from a jiiece oi 
muscle of a bovine whi(‘h died of black quarter in the Transvaal. 
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Strain L,~ A strain supplied by Mr. 1). A. Lawrence, Direidur 
of Veterinary Itesearch, Southern Rhodesia. Mr. Lawrence informed 
the writei* that this strain was being’ used for vaccine pioduction 
and was relatively non-])athog*enic. for guinea-pigs and sheep. The 
writer was able to confirm this—2*0 c.c. to 5-0 c.c. of a 24-hour meat 
broth culture injected, intramuscularly, into a guinea-pig produced 
a swelling ])ut not death. 


(7. sepiicvtn. 

Strain K,t\ —Bi’ought from overseas by the writer, origin 
unknown. Tt produced a powerful toxin and had been used at the 
Wellcome Laboratoiies tor the production of antitoxin. 


IHn?JTV OF (Vlti hks. 

(1. (hanroei 04 and CL scphrum K.F. were single-celled " by 
the method described by Mason (lOihr). The remaining cultures were 
repeatedly ])lated and typical colonies picked. As guinea-pig passage 
cultures of CL chavvoei were repeatedly used, frecjuent recourse was 
had to surface i)urity and to fermentation tests. Thi*o\ighoui th(‘ 
work, candled oi* ])uli)ed filtrate was injected intiavenou.sl> into mice, 
as a ch(M*k on the presence of, for example, the toxins of CL septic inn 
or CJ. oedevKitiens, Beyond, very occasionally, the presence of a 
staphylococc.us (when the culture was discarded), no indication was 
got that the various ( ultines were (dher than purtL The fermentation 
rea<*tions of the various strains were as follows (I per cent. “ sugar ” 
in 1 per cent. ])eptone wattii* j)lus 5 j)er cent, sterile sheej) serum, 14 
day’s incubation in a Mc'Intosh’s ami Fildevs’ jar at C.): — 

All tour chauvoei strains fermentt*d with acid formation and 
usually with the production of gas, saccharose, galactose, glucose, 
la(‘tose, laevulose, maltose; in aiabinose, a “trace acid reaction 
was got; salicine, sorbite, mannite, dulcate, laftinose, rhamnose and 
inuline were not attacked. In litmus milk (plus 5 ])er cent, sheep 
serum) a soft clot and ahid w^as produced Gelatine was liquified 
but Loetfier’s serum medium and iovspissated horse serum were not 
atta<*ked. 

The CL septicinn strain (K.F.) produced acid and gas in galactose, 
glucose, lactose, laevulose, maltose, salicine, dextrine (±) and inosite. 
It was without action on saccharose, adonite, dulcite, raftinose, sorbite 
and mannite. An acid clot w^as formed in litmus milk, gelatine w’as 
liquified but neithei* Loeffler’s medium nor wsolid serum w’as attacked. 

The morphological, (*ultural and pathogenic peculiarities of the 
four chauvoei strains and the one septicum strain were those accepted 
as typical for these bacteria. K.F. produced a pow’erful exotoxin 
after hours' imuibation (M.L.U. for mouse i.v. between 

0*005 c.c. and 0*05 c.c.) w^hereas, as will be shown in detail later, 
none of the chauvoei cultures produced a toxin the M.L.I). of which 
for a mouse w*as less than 0*1 c.c. 
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Mkdia. 

lioise flesh meat hrath (meat broth).—This was a slight moclifica- 
iion of Robertson’s (191b) medium. The preparation is given in the 
article by Mason and Scheuber (19^U>). In all instances, about half 
the volume of medium in the tube or flask was meat parti(*les. 
Preparatory to inotailation, the pH of the medium was adjusted to 
7*8 with NaOn, and then boiled for from 10 minutes (tubes of 10 e.c. 
(‘ai)aeity) to 2 hours (oOO to 2,000 c.e. flasks) and cooled rapidly. 

trope's “ straight line digest ’’ medium .—{Vopi^ and Smith 
(1082). J 

I/artleij\s digest medium (1022). 

VUjoeids and Srheuher\s medium 192() (see Mason and Scheuber, 
1080, for preparation). 

You Ilihler's medium (1008). 

('olehia(il\s digest hrer medium | see Alason and Scdieuber (1080) 
for prei)aTation |. 

As with meat broth, the pH of all meat-particle-containing media 
was adjusted to 7*8, and boiled and cooled just prior to inoculation. 
(Tin’s does not apply to volumes of 10 or 20 litres: th(‘ pH sometimes 
was iind at othei* times was not altered but owing to the bulk, boiling 
\\as not rc'sortod to.) 

Surface cultures wert* obtained on horsc' flesh infusion peptone 
agar, ])lus 10 jier (ent. of a mixture of eijual parts of sheep serum, 
sheep haemolysed red cells and a saline extrmd, of guinea pig livei 
(see Mason 1084 and 1080‘). 

Hailed haeilll (Henderson 1082). it was found that dense 
sus))ensions of (1. rhauraei could he obtained by growing the germ 
in meat firoth tor 18-24 hours, jmlping the culture, discarding tht‘ 
meat and mushing up the pulp, containing the bacteria, in a small 
(juantity c)t water. ()ne could then express a considerable portion of 
the bacteria-containing fluid with a ])ress and the oiganisms could 
then be washed and sjmn out in a centrifuge. The dense sus]>ension. 
obtained, could then be treated as described by Hendeison. 

Filter caudles.- The llerkefeld variety was used throughout. 

Animals: Mice .—These were supplied by one dealer and weighed 
between 15 and 18 grammes. 

Gntnea pigs ,—White or predominantly white animals were used 
and weighed between 250 and 300 grammes. A barium sulphide 
depilatory was used to remove the hair, for the intradermic titration 
of toxin. 

Sheep ,—Thowse were of the Merino breed, varied in weight from 
18 Kg. to 30 Kg. and had usually passed through an anthrax and/or 
blue tongue experiment. Intradermic titration of toxin was carried 
out on the bare portion of skin of the inner side of the hind leg. 
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EXPERIMENTAL. 

PART ]. 

The Demonstration anij Pkoouction of a Toxin. 

PreUminary experiments .—In a series of preliminary experijiients 
an attempt was made to demonstrate a toxic action of the supernatant 
fluid (spun) or of the puli)ed or candled filtrate of a G to 18 hours' 
67. chauvoei culture (meat broth plus 5 per cent, haemolysed cells 
and serum). Prom 10 c.c. to 500 c.c. of medium was used and 
particular attention was paid to a thorouf^h boiling to expel dissolved 
air. In some instances the medium was boiled, cooled, inoculated and 
then exhausted in an air-tight jar until bubbles ceased to api>ear. 
The jar was then washed out 2 or d times witli hydrogen and finally 
filled with this gas and incubated. In one experiment, the following 
substances were added to the medium, prior to inoculation—chalk 
(excess), sa])onin (1 in 40 of a 0*4 per cent, solution), cystein (0 7 per 
cent.) and ferrous sulphate (1 in 40 of a 0*4 per c(‘nt. solution). To a 
number of filtrates, sodium hydrosulphite (Na^Sotl,) v^as added to 
make a concentiation of OOl-O l percent., and exhaustion carried 
out for 7-‘3 hours. The inoculum in all instances was the heart 
blood and/or liver of a guinea-pig just dead from an intramuscular 
inoculation of 67. chauvon or a meat broth culture once lenioved 
from a guinea-pig passage. 

The results of the use of these vaiious products (eleven in all) 
were as follows—guinea-pigs died after receiving t)*D c.c.-2*G c.c. 
intravenously (cardiac puncture). Symptoms usually developed in 
2 to 10 minutes, the animal being distressed and breathing in a 
pumping fashion. It might then^die within a further o to dO minutes 
or might apparently recover to die within 24 hours. Some showed 
this distress but recovered and remained well. The most striking 
post-mortem appearrince was the presence of jietechiae or suggilations 
in the lungs; in some <‘ases the lungs were a haemorrhagic mass. 
The serum from a sheep which had received anaculture and then 
living culture and survived, neutralized the toxic effect of the 
filtrate whereas normal^ sheep serum did not do so (filtrate and seium 
mixed, left for 1 hour at room temperature and iilje<‘ted). However, 
the antiserum was not able to prevent the a])pearance of the initial 
symptoms of distress. 

Mice usually survived the injection of 0*5 c.c. intravenously 
As a rule, early symptoms of distress appeared, to pass off in from 5 to 
dO minutes. 

Two sheep, one normal and one immune, received intravenously, 
200 c.c. of a pulped filtrate which killed guinea pigs in a dose of 
1*5 c.c. J\o symptoms or disturbances were observed. 

No indication was got that any one method of toxin production 
was better than another (period of growth, exhaustion, reduction, 
etc.). These preliminary experiments indicated that there was a 
very weak toxic, material in chauvoei filtrates, but that, unless i1 
could be concentrated, no useful work could be carried out. Before 
attempting copcentration, the effect of intradermi(^ injection in guinea 
pigs yas ascertained. 
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Experiment 1.^ 

Strain (>4 was »rowu in x 40 c.e. flasks of meat broth plus 
5 per cent, serum and liafuuolysed cells in a Macintosh’s and Fildes 
jar. After 18, 48 and 72 hours’ incubaiion a lube was removed and 
filtrate injected inhadermically into guinea-pigs. In addition the 
supernatant of the spun material or the candled sample of each day’s 
filtrate was reduced witl» NagSoO, and exhausted and its intradermic 
eifect ascertained. 

The one and the two day flltrates pioduced small rtMl-blue areas 
on the skin, uppartmt after 2-4 hours; the three day filtrate tormed 
a \(uy pale red flusli. Anti-chauvoei sheej) serum neutralized tliis 
reai'lion, whilst normal sheep serum had litth* if any elTect. 

Experiment 2. 

As experiment 1 indicated that 18-hour filtrates coiitaiiied a 
j)roduct which (*aus(‘d a reacti(»n on intradermic injection, an attempt 
was made to concentrate this material by drying. Strain 04 was 
grown in meat broth plus serum and haemolysed cells for 18 hours, 
in an air-exhausted jar. Of the candled filtrate, 0 2 c.c. produced a 
faint red aiea on the skin. A dry ])ow(ler was made by drying down 
dO c.(*. ovtu' ll^SO,; *10 mg. caused an intense blue mark, only 
sliglitly aflected by (diauvoei antiserum but nol by normal serum. 
The same amount gave rise to a small red reaction in a normal sheep 
i.‘Ui 8 oO) and to no reaction in an immune sheep (*1740o). Further 
(‘Xiierience indicated that ])art of the reaction in guinea-pigs was due 
to non-specific material, in great measure, to NaCl. Some batches 
of diied and ])ow dered broth caused quickl.v-api)earing bloody re¬ 
actions. However, these tended to disappear quickly and the area 
was, as a rule, onl> with difficulty located aftei* 2 d hours. 

E,rpenmeni * 1 . 

The experiments collected under this heading were continuations 
of expermnmt 2. Strain (i4 was cultured for 18 hours in meat broth 
])lus serum and haemolysed <*ells and puljied or candled filtrates were 
either dried dow n or saturated with ammonium sulphate (about (id gm. 
oer 100 C.c.) and tlie ])reci])itate dried. Sucli powders, in a dose of 
from 10 to W mg., iirodiu'ed intradermic reactions in guinea-pigs 
and sheep. Chauvoei immune sheejit either did not react or only 
very slightly, (diauvoei antiserum reduced the size and the intensity 
of the reactions (blue-red spots) but did not annul them entirely. 
Thus, tliere was reason to hope that the toxin could be further 
concentrated. With this end in view’ 2 x 2 litre (piantities of meat 
broth ])lus serum and haemolysed cells w’ere inoculated direct from a 
guinea pig, incubated for 18 hours and jiulped. The wet precdpitate 
produced by saturating wdth ammonium sulphate was dialysed, in 

* It is to tx' assumed throughout, unless otherwise stated, that the pH of the medium 
was rectified and the medium boiled just prior to inoculation. 

Further it is to be assumed that the inoculum was either the heart blood and or liver 
<»f a giiinea pig just dead from black quarter or a culture not far removed from a passage. 
When the statement is made that the inoculum was the liver of a guinea pig, it refers to 
the liver of a guinea pig just <iead of an experimental infection. 

t Hnless otherwise stated, a chauvoei immune sheep means one which has received 
anaoidture and living culture. 
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parchment paper, for four days against distilled water. This was 
carried out at 10° (\ to minimise any bacterial growth that might 
occur. The precipitate from 1 litre was placed in the paper, water 
added and this dialysed against about 10-20 litres of water, which was 
changed twice daily. The final outside fluid gave no precipitate or 
only the faintest opaJescenc*e when barium chloride was added. (Later 
on it was found aclvantageous to carry out the first 4-0 hours dialysis 
again running tap water). A copious, white, rather gelatinous 
precipitate formed in the bag. This w^as spun off and the supernatant 
dried down, first with fans blowing over shallow layers, and then 
when nearly dry, in an exhausted desicic.ator over HaSO^. Some 
experiments with the dry toxin so formed (Toxin 19) will now be 
detailed. 

19. —The dry powder w^as not fully soluble in saline, 
distillecl w’ater or broth, a white, rather sticky precupitale being got 
after spinning. The pH of the supernatant was 5‘5-5 (); on adjusting 
the pH to 7*4^7 0 nearly all the deposit w^ent into solution. How¬ 
ever as this did not render the material more toxic*, it was evident 
that the deposit was iiiactive, so that, as a routine, the powder was 
stirred up in the saline, spun and the siipernatani used. After 
several trials, it was found that 100 mg. in LO c.c. gave a solution 
that was mobile enough for the purposes required.* 

Bijiling the toxin for half-an-hour produced a considerable 
coaguluni; heating at 60° C. for half-an-hour c*aused opalescenc*e; 
01 c.c, of neither produced a recognizable intradermic* reaction in 
guinea pigs. 

Minimum Heactnuj Dose {Min Gninea-pifj. —This was 
found to be in the region of 0*01 c;*c. A dose of 01 c.c. produced a 
red flush in half-an-hour, increasing in intensity after 2 hours and 
being at a maximum in 4-6 hours. After 24 hours, there was usually 
a tendency to spread with a less intense colouration. Doses around 
the M.IM). came up more slowly, being apparent in 2-6 hours and 
rec’ognizable as small reddish-blue marks after 24 hours. 

Toxicity on hiiravenous (i.v.) Injection .—A dose of 0*25 c.c. did 
not kill a mouse and 0*5 c^c. was non-lethal for a 150 gin. guinea-pig. 

Reactions in Sheen, —Two immune sheep and one normal sheeji 
received 0*25 c.c. intrademically. In 6 hours, the reaction in the 
normal animal was manifesting itself and in 24 hours was definite. 
This consisted of a very roughly circular red-blue area about 20 mm. 
in diameter, of a more intense hue in the centre. After 48 hours it 
had faded somewhat and w^as only a pale flush after 72 hours. No 
reactions appeared in the two immune sheep. 

Specificity. —Ten M.K.I). (01 c.c.) were neutralized by 0 005 c.c. 
(not by 0*0025 c.c.) of the serum of one immune sheep, by 0*1 c‘.c. 
(not by 0*05 c.c.) of that of another but not by 0*1 c.c. of the sera 
of two normal sheep. (Using oth'^r toxins, it will be showui that 
0*1 c.c. of normal sheep serum does not neutralize one sure M.R.I).). 

*Throughoiit the work with different toxins 100 mg. of dry toxin was dissolved in 
I *0 p.c. Haline. Therefore, the amounts of toxin injected will be given in c.c. and not 
in mg. 
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(U)mment on To.vin 19.—It appeared reasonably certain that a 
toxin had been denionstrated in a CL chanvoei tiltrate, and that the 
intradermie injection into guinea-pi^s was a satisfactory method of 
demonstratinf>' it. One disadvantaf»:e was the rapidity with which the 
reaction faded. Often after iwo hours, what looked like a forerunner 
of a strong* reaction was visible—a definite dark red area of alx)ut 
10-15 mm. in diameter—to fade to a faint red flush within 18 hours. 
The overcoming of this diffi<*ulty and the investigation of other 
methods of concentration was tackled next. 

ArrKMi»Ts TO Concentratk Toxl^. 

Kirperiment 4 . 

{a) Effect of Jhaljising in Parchment Paper and m Cellophane. 

St lain f)4 was grown for IS hours in meat broth plus 10 per cent, of 
horse serum* and 2 jier cent, of guinea-jiig liver extract. The pulped 
filtrate was precipitated with ammonium sulphate and the precipitate 
dialysed against distilled water for days in parchment paper and in 
(;ellophane (commenial variety obtained in South Africa, grade* 
number unobtainable). Both inside fluids were treated as described 
for Toxin 19. The M.IM). and Ja* of each was appioximately the 
same, with, if anvtlung, the advantage to the “ cellojihane ” toxin 
(Toxin df)). 

(h) The Effect of Dialpsing for different Jenpfhn of tune. vStrain 
04 (dire(*t from a guinea-pig liver) was grown for 18 hours in 500 c.c. 
flasks of meat broth }>lus 10 per cent, horse serum. Tlie precipitati* 
produced by saturating the pulped filtrate with ammonium sulpliate 
was dialysed in cellophane for different periods, and the inside fluid 
dried down after removing insoluble material. The M.B.J). and in 
some cases tlie lii* was then established (table 1). 

Taulk 1. 

77/r effect of /^tali/.^is on Cl. chanvoei to.nn (To.nn if 1^ 


Dialysis. ! M.H.I). (c.v.K } Lr. 


Nilt. 

3 hours.. 
21 hours. 
48 hours. 
06 hours. 
144 hours 
288 hours 


Similar tests carried out with other brews of toxin confirmed, in 
large measure, the results of table 1, viz. that a if to 5-days’ dialysis 
with removal of insoluble material produced the best results. The 
questionable reaction got with the non-dialysed precipitate is to be 
attributed to the high concentration of ammonium sulphate. 

* The sorum, taken with aseptic precautions, was incubated at 37°C for 48 hours in 
the presence of 01 per cent, formalin prior to its addition to the medium. 

t Nil ” means that the crude dried ammonium sulphate precipitate was used. The 
figures under Lr mean that those amounts in c.c. of a certain antiserum neutralized 0 1 c.c. 
of toxin, whilst 25 per cent. less antitoxin did not do so. The sign “ — indicates no test, 
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(c) The rue of Media other than Meat Broth .—The details of 
each individual experiment need not be recorded. The following 
media were used, usually in 500-1,000 c.c. amounts, the inoculum 
being* guinea-pig liver or a culture once removed from it, and the 
incubation being 18 hours at 37^ C.—Hartley\s digest broth (plus 
meat particles and sheep serum and haemolysed cells), Poi)e’s digest 
broth (plus meat })articles and sheep serum and haemolysed cells), 
Colebrooke’s livei* digest broth mixed with horse flesh broth and 
strongly buft‘ere<] (mixed 1 to 0, 1 to 5, I to 1 and 2 to 1, no meat 
particles) and Viljoen^s and Si heiiber’s medium. Under this heading 
may be iiK'luded experiments (*omi)ariug the toxin-producing j)ower 
of large volumes (10-20 litres) and small volumes (500 c.c.) of meat 
broth plus 5 ])er cent, horse serum, meal broth plus 5-10 ])er cent, 
horse serum, 5 ]ier cent, shee]) serum and haemolysed cells and 
guinea-pig liver extract (the saline extract of from half to one liver, 
added to 1,000 c.c. of medium), meat broth plus 5 ])er cent, horse 
serum wtion the [)ept()ne was added right at the start of the pre¬ 
paration of the medium and when it was added in the usual way 
after the preparation of the muscle extract and meat broth plus 
0*25 per cent. glucu)se. 

It can be stated defiiiitely that Viljoiui's and Scheuber’s medium 
and large volumes of meat broth gave ])oor results. It is ditlicult to 
submit an ojiinion on the results with the use of the other mt‘dia, 
because sometimes the one and at other times the* other gave indica¬ 
tions of producing the best toxin. At one time it was thought that 
the addition of as much as 10 per cent, of horse plasma was very 
advantageous. Although this was undoubtedly so, there was the 
disadvantage that only about half of the final dry ])owder w^as solul)b‘ 
in water or saline. After repeated comparative t(‘sts, meat broth (meat 
particles about one half by volume^ jdus 2 to 3 ])er cent of guinea-pig 
liver extract (or, if the inoculum was a guinea-pig liver, about a halt 
liver to 500-1,000 c.c. of medium) was adopted as yielding good toxin, 
with a final powder of which a <*onsiderable per(*entage was soluble. 

{d) The effect of the inoculum. —AV^hen the inoculum was a 
portion of the liver of a guinea-j)ig killed by the intramuscular 
inje(;tion of (iulture (or’of a <*ulture not more tliau one meat broth 
tube removed from it) more ])otent toxin (in M.R.D.) was obtained 
than when a (uilture distant from an animal was used. IMie following 
lirief summaries of two experiments illustrate this: — 

1. (a) Strain ()4: 0 meat broth cultures removed from a 

guinea-pig passage—grown 20 hours in 1 litre of meat 
broth plus sheep serum, haemolysed cells and guinea- 
pig liver extract. M.R.D. of dissolved powder, 
0 05-0 1 c.c. 

(5) As {a) but inoculum direct from a guinea-iiig liver. 
M.R.D. 0*01 c.c. 

2. (a) Strain L as received from Mr. Lawrence (5 0 c.c. 

a virulent for a guinea-pig). Grown 36 hours in 
1 litre of meat broth plus guinea-iiig liver extract. 
M.R.D., 0 05-0 1 c.c. 

(/>) As (a) but inoculum direct from a guinea-iiig liver. 
M.R.D. 0 005-0*01 c.c. 
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(e) The effect of the Ictif/Ui of mrutxitiun ,—The three illustrative 
ex])erimeuts to he noted were conducted with strains ()4, L and K 77 
respectively, in the inediiiin and method of choice noted under (c). 
They were carried out when a means had been found of ‘'stabilising’’ 
the intradermic reactions (see pa^e 447 under “ adrenalin ”); with 
such a means a definite reaction could be elicited with pulped oi’ 
candled filtrate. Flasks of 500 c.c. cajiacity were used. Puliied 
filtrate and the same, precipitated with ammonium sulphate, dialysed 
for 4 (lays in (ellojihane and then dried were emjiloyed. Table 2 
records the results. 

The results ^iven in Table 2 do not allow the drawing* of definite 
(‘omdusions, although the indication is that, with increasing length 
of incubation, the toxicity dro])s. This indication was strengthened 
by results obtained in media such as meat broth plus horse plasma, 
when^ a 20 hours’ filtrate was more imtent than one of 48 hours' 
incubation. It will be noted that, in conformity with dij/htheiia 
toxin, th(* antitoxin-binding-|Jower of the toxins need not necessarily 
bear a close relation to the M.H.l). Altliough the M.li.J). of the 
72 hours’ ])i*ecipita1ed toxin of 04 is 21 to 5 times that of the 20 
hours’ toxin, the Jii* has not altered. Ilowever, it is realised that 
the lii* titration was earned out at three-fold limits, so that one 
cannot be certain that there was no difference. 

One difference between the dry toxins from \oung and old 
cultures was the relatively (dear-cut intradeiiuic reactions produced 
by the foimer compar(‘d with the somewhat indefinite flushes 
caused by the latter, (diiefly for this reason, toxins tor routine 
])ur])oses were [irepared from 20 hours’ (Uiltures. 

(/) The Effed of the Stntin, —No indication was got that any 
one of the four Cl. ehauvoei strains (04, ]), K 77 oi* lj) was a better 
t()xin-])roducer than the other, when a virulent culture direct from 
a guinea-])ig liver was used and when the medium was ineat broth 
plus serum, haemolysed cells or liver extract and the incubation 20 
hours. 

{()) The E reel pitot ton of To,nn ofhei ihnn hp Sotnrot ion With 
A mmoninnh So/phofe, 

1. Half satiiration witli ammonium sulphatt*: The toxicities of 
two dry ])o^^ders obtained by satuiating (00 gm. ])er 100 c.c.) and by 
half saturating a 20-hours' filtrate with ammonium sulidiate with 
subse(|uent dialysis and drying were a])|)roximately the same. 

2. Precipitation with potash alum : (o) The filtrate of a 20 

hours’ meat bi*oth jdus horse idasnia culture of strain 64 was saturated 
with ammonium sulphate, the juecipitate dialysed for 0 days and 
the inside fluid spun. Some of the (dear supernatant was dried down 
and to another lot at pH 5*7 enough alum was added to make a 1 *5 
per cent, (ioncentration. After washing the alum jirecipitate twice 
in distilled water, it was dissolved in 2 ])er cent, sodium (dtrate 
and dialysed for 48 hours. The inside fluid was then spun and the 
supernatant dried down. The M.R.D. of the original dialysed 
ammonium sulphate preeijutate was 0*01 c.c., and of the final alum 
product 0*1 c.c. 
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(6) A 20 hours^ filtrate was treated with eiioii”li alum to make 
a 1*5 per cent, concentration, and the ]>re(npitate dealt with as noted 
under (a). The M.ll.lJ. was 0 (125 c.c. 

(c?) Samples of a 20 hours’ fill rate were treated with enough 
alum to make resj)ectively a 1*0, 2*5, 5*0, ami a 10*0 ])er cent, con¬ 
centration and the precipitates dealt with as noted under (a). The 
smallest M.ll.I). (1*0 i)er cent, alum) was 0*025 c.c. 

{d) The dry powder of a dialysed ammonium sulphate precipi¬ 
tate was dissolved in saline, the pH adjusted to 5*0 and alum added 
(1*5 per cent. con(*entration). The j)reci])itate was treated in the 
manner noted under (a). In addition, the supernatant of the alum 
precipitate was dialysed for 48 hours and then dried down. The 
M.Jl.l). were as follows—ammonium sulphate jirecdpitate 0*005- 
0*01 C.C., alum j)recipitate 0*005-0*01 c.c., alum sujjernatant 

0*007-0*015 c.c. 

(8) Precipitation with Sodium Sulphate.—Stiain 04 was grown 
for 20 hours in im‘at hiotli plus 5 per cent, horse serum. To the 
jnilped filtrate 20 gin. of sodium sulphate per 100 c.c. was added and 
Ihe precipitat(‘ dialysed for 4 days and the resultant fluid dried. To 
the sufiernalant of the first jirecipitate a furtlier 20 gm. jiei* 100 c.c. 
added, and the preci])itate dialy.sed and the lesiiltant fluid diied. 
The M.lt.l). of the first precipitate was 0*04 c.c. and of the secomi 
0 04-0*05 c.c. 

(4) Pi ecijntation with Acetic Acid.—The same filtiate as noted 
under (4) was u>ed. 

Enough acetic acid was added to bring the ])ll to 5 2 and the 
prec.i])itate collected (1st ])reci])itate). The sujiernatant was brought 
to jiH 4*7-4*8, and the jirecipitate collected (2nd piecijiitate). The 
supernatant of this was brought to jiH 4*5 and the jirecijiitate 
collected (4rd iirecijiitate). These three precipitates were dried down 
/<•! raru(t and 100 mg. shaken u]) in saline (the ])Tl of the suspension 
was brouglit to 7*8 with ammonia). A considerable amount did 
not go into solution; the M.ll.l). of each sujiernatant was more than 
0*1 c.c. 

(5) Preci])itation with Zinc (4iloride: Strain 04.—The jnilped 
filtrate of a 20 hours’ meat broth ]dus liver extract culture of strain 
04 was treated as follow\s. One sample was saturated with ammonium 
sulphate and the precipitate dialysed in the usual way: to another 
volume enough zinc chloride was added to make a 1 j>er 
cent, solution. The jirecipitate after two wuishings with distilled 
winter was dissolved in 2 ])er cent, sodium citrate, dialysed for 4 days, 
and the inside fluid dried down. 

The M.R.l). of both toxins was between 0*005 and 0*01 c.c. 

(0) Precipitation wdth Acetone Saturated with Henzoii* A(‘id. - 
Five grammes of toxin 19 were dissolved in 100 c.c. of distilled water 
and the solution clarified by spinning. To the chilled supernatant at 
pH 5*5, 5*0 c.c. of a saturated solution of benzoic acid in acetone was 
added. A copious white precipitate formed immediately. This was 
kept cool and washed 4 times wdth a(*etone (100 c.c. per washing). 
The final precipitate w*as dried iv racva. The powder was white, 
impalpable and went into solution readily in saline of jiH 8 0-8*2. 

445 



THE TOXIN OE “ CE. CHAUVOEI 

Iiitradermically, amounts of toxin between 0*05 and 0 1 c.c. 
produced quickly-appearing blue spots, which disa])peared in a few 
hours. 

(7) Fiecipitation with Alcohol and Ether.—On a number of 
occasions, the precipitates obtained by adding from to G volumes 
of alcohol or of ether to a 20 hours’ filtrate were dried down and 
titrated intradermically in guinea-pigs. None of the jmwders went 
into solution readily and their toxicities were low\ 

(h) Adsorption on and Einfion from Ano////.-—To 20 c.c. of 
toxin 19 at pll 8*5 (dissolved in Universal Buffer'*') enough kaolin to 
make a 10 per cent, suspension was added. The suspension was kept 
cool and shaken i)eriodically for 5 liours. The kaolin was then sjuin 
out and suspended in 10 c.c. of Universal Buffer at pH 5 '). After 
thorough agitation, tlie kaolin was again spun off'. No toxin could 
be demonstrated in the supernatant. 

(?) Effc-ci of Frevzmij and Thawinp To.rin. — Salimbeni and 
Loiseau (1984) state that dijdrtheria toxin may Ire concentrated by 
freezing the fluid and collecting the bottom third, after thawing 
has taken jdace at room temjrerature. In such n test, carried out 
with one toxin (29) the iJ.R.JJ. of the original toxin, the toj) and 
the bottom third of the frozen and then thawed fluid was apiuoxi- 
luately the same. 

Corntnanf on Concentration of To,ri'n. 

No definite indication was got that better conctentration of toxin 
could be jjroduced consistently by methods other than the ammonium 
suljrhate-dialysis technique. One experiment might indicate that 
ahun yielded the best product but repeat tests did not necessarily 
confirm this. For this reason, the ammonium sulphate method was 
ado])ted as routine. 


E^rperiment 5. 

Attempts to OhUiin (Nearer Intrndermir Hcactions. 

As ju’eviously stated, the intradermic injection ot toxin 
produced, when 5 to 10 M.ll.l). were used, a reaction appearing as 
a tiny flush in b to 15 minutes, increasing in size and intensity up 
to 3 to 5 hours but fading out considerably in 18 hour's. Thus, the 
determination of the M.li.D. and Lr was attended wdth some 
difficulty. One gairred the impression that if the toxin could be 
fixed to one s])ot for a hour or tw’^o or if the tissue could be slightly 
damaged a more persisting and therefore more easily read i*eaction 
would be obtained. 

(a) Effect of Different Dilvents (Toxin 86).—This toxin was 
dissolved (100 mg. in 10 c.c.) in the following diluents, spun to 
remove any insoluble material and the supernatants tested-saline 
(0 cS5 per cent.) at pH 5*5, 7*4 and 8*0, 10 per cent, glucose (in 
distilled water) at pH 7 4 and 8, 2 0 per (^ent. starch (pH 8), 1*0, 
2*5, 5*0 and 10*0 per cent, peptone (Witte) in distilled w^ater at 


♦ British Drug Houses, London. 
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1)H 7*4, distilled water, salt solutions (NaCl) ot 10, 2*5, 5 0 
and 10*0 jjer cent, concentrations, 10 per cent, serum (horse) broth 
and 10 per cent, guinea-pig* serum in saline (pIT 7-7*2). In most 
cases an M.ll.JJ. and an Iji* test was carried out. No definite indica¬ 
tion was got that any one of these diluents at whatever pH gave 
reactions sujjerior to those obtained when the toxin was dissolved in 
0*85 i)er cent, salt solution of about pH 7-7*2. Quickly-ap])earing 
bloody flushes were produced when distilled water and the higher 
concentrations of salt and pej)tone were used, but, in these cases, 
the control fluid, itself, without toxin, produced a similar reaction. 

A small amount of insoluble deposit was obtained when toxin 
was placed in saline, tlie final pH of the siii)ernatant being about 6. 
By raising the |)H to 7*()-8*(), nearly all of this deposit went into 
solution but without lowering the M.R.l). or intensifying the reaction. 

(/>) Thv Kjfevi of I/t(‘oiporntin(; Atjur in flic To.vin, —When the 
toxin was dissolved in 01 to 1 *0 per cent, nutrient agar, the reaction 
])ro(luce(l was mucli more definite and j)ersistent than wlien saline 
was the diluent. However, a difliculty was ex])erienced in carr\ing 
out a toxin-antitoxin titration. It was difficult and, at times, im])os- 
sible to eiiMiie a thorough mixing of the toxin and antiserum, when 
0*25 j)er cent, agar was em])loyed. For this rejjson, results vaiwing 
from day to day weie got, (lepending upon the degree of admixture. 

TiIK KfFKOT of AdHKxNATJN. 

As adrenalin piodiu'es a vasco-constiiction, the possibilit\ 
existed that, mixed with toxin, it would localist* it in the injected 
aiea, and thus give it the opportunit^ of producing an easily recog¬ 
nizable leaction. Fx])eriments provecl tin* co)re(‘tness of this su])])Osi- 
tion. The adrenalin used was that pre])ared by (lehe and (\). 
A. (j. Dresden, solution 1/1,000. Of this, 0*1 c.c. i)roduced a very 
extensive haemorrhagic area in a g*uinea-])ig\s skin in 18 hours, the 
animal dying in 48 hours. Dilutions of 1/10, 1/20, 1/dO in 0*d c.c. 
saliiK* nearly ahvays caused spreading Inuunonhagic reactions, the 
animal usually dying or havijig to be killed. A bordeiline do.se wuis 
0*d c.(‘. of a 1/50 dilution; sometimes a dirty-red s])reading flush was 
produced, ])ai‘ticularlv if the site of injection w^as near the loose skin 
of the belly. There was less risk of causing a reaction wdien the 
adrenalin was injected into the firmer skin over the ribs. Dilutions 
higher than 1 /50 ])roved relatively safe and after ronsideiable expeii- 
mentation 0*d c.c. of a 1/100 dilution was cdiosen as being suitable. 
The toxin was hu’ulized for a time sufficiently long to ])roduce a 
leaction readable after 24 to 48 hours whilst the risk of the non¬ 
specific- effect of the adrenalin was veiv sliglit. In a (piite negligible 
number of occasions, the adrenalin did, per sc, cause flushes, but 
very little experience w*as necessary to distinguish these from toxin 
reactions and further, a repeat test invariably cleared up any doubt. 
The practice was adhered to of storing the adrenalin in an amber 
coloured bottle in a refrigerator and discarding it if il became dis¬ 
coloured in any w^ay or if any deposit was discernible. 

The reaction jiroduced by the toxin plus adrenalin will be 
described under the actions of the toxin 
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2'he Effect of Removing Insolvblc Material from the Toxtn ,— 
No toxin has been prepared which is fully soluble when added to 
saline at pH 7*0. The pH of the toxin in saline solution is between 
5*5 and 6*5 depending* on the toxin. By raising the pH of the toxin 
solution to about 8, most of the undissolved material dissolves but, as 
has previously been stated, without a corresponding reduction of the 
M.R.D. An experiment was conducted in whicih a dry toxin was 
dissolved in saline, the dejmsit being rejiioved by centrifugation. 
The supernatant w’as dried and the powder again dissolved in saline, 
and this process repeated three times. On each occasion, a precii)itate 
was obtained on attempting to dissolve the toxin, and further, the 
final 8Ui)ernatant (toxin dissolved 100 mg. to 1 *0 c.c.) was less 
toxic than the original. Thus, it would appear that each drying 
denatured some protein and destroyed some toxin. 

The Actions of thk Toxin. 

1. 'The Effect of Intradermic Injection. 

(These remarks apply when the toxin is dissolved in a 1/JOO 
dilution of adrenalin and O d c.c. is injected.) 

When 5 to 10 M.R.J). are injected into a guinea-pig a flush 
usually appears within 5 to 15 minutes, to di8U])i>ear in about half-an- 
hour. For a further one or two hours the site of injection is recog¬ 
nized by the paleness of the skin, the effect of the adrenalin. This 
gradually disap})ears and 2 to 4 hours after treatment a somewhat 
strippled pale red spot appears increasing in intensity up to 8 hours. 
After 12 to 24 hours, a typical reaction (caused by 5 M.K.D.) is 
very roughly circular, from 1*5-to »T 0 cm. in diameter, with an 
intense red centre and a rather mottled-red radiating perii)hery. Tn 
some instances, 5 to 10 reacting doses jiroduce a small area of necrosis 
in the centre, but the reaction is, in the main, haemorrhagic in 
nature. Amounts of toxin, around the M.R.I)., jiroduce nothing 
recognizabe for 6 to 8 hours and are visible after 24 hours as small 
red flushes measuring 1 to 2 cm. in diameter. (See Fig. 1.) 

As much as 10 guinea-])ig reacting doses did not cause a lesion 
in rabbits. 

The M.R.U. for the sheep was approximately that for the 
guinea-pig, the injections being made into the skin of the thigh. 
All the sheep used at Onderstepoort were docked so that the much 
thicker and tenser skin of the under surface of the tail could not be 
used. Experiments carried out by Hailing, Gordon and Mason at 
the Wellcome Physiological Research Laboratories proved that this 
was a most suitable site for the intradermic titration of CL welchii, 
Type B toxin (unpublished work), and the writer suggests that the 
same would hold for CL chanvoei toxin. 

2. Lethal: {Intravenous Injection). 

GuineorjAgs .—(Toxin 37 L, M.R.D. -^0*01 c.c.) 

The toxin was dissolved in saline (100 mg. in 1*0 c.c.) the 
deposit removed, and the dose injected in a total volume of 1*0 c.c. 
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A dose of 0-5 c.c. often produced a few spasmodic movements, 
with quickened respirations, in a few minutes. IJowever, these 
passed off, to be follow^ed in from 2 to 3 hours by weakness and 
hurried breathing. The animal lay on its side, occasionally uttering 
a squeak. Death usually supejwened in 4 to b hours, being preceded 
by spasms. The minimal lethal dose of this toxin was between 
0 I and ()-15 c.c. 

Mouse ,—Per gram body weight, this animal was much less 
susceptible than the guinea-pig, the M.L.J). being 0*1 c.c. 

Rabbii ,—d wenty guinea-pig fatal doses produced only transitory 
distress. 

Slteep.- The fatal dose proved to be betw^een 10 and 15 (*.c. In 
about half-an-hour the respirations became markedly ac^celerated and, 
a thick ropy mucous discharge appeared at the nostrils. In 2 or 3 
liours, the breatliing was of the pumping variety, strings of mucus 
hung from the nose, and o(‘casionally diarrhoea was present. Inco¬ 
ordination of movement and later inability to sup]>ort the body super- 
Nened and death occurred in from b to 48 hours after the injection. 

Ibtst-morieni Appcmanres ,—In the guinea-})ig, mouse and sheep, 
these w’ere entirely of a liaemorrhagic nature. The lungs were ahvays 
the seat of bloody effusions, sometimes only petechiae being jiresent 
but at other times the lungs were bloody masses. On the pleura and 
peritoneum jietechial spots to suggilations w^ere seen. The heart was 
usually habln, with petechiae or suggilations on the endocardium. 
(»xtensive liaemorrhages were ])resent in the wall of the intestine, and 
111 one sheep ha(*morrliages had occurred in the gut-wall from the 
abomasum to the rectum. Blood was usually noticeable in the lumen 
of the intestine. In one sheep, which died half-an-hour .after 
receiving 2 M.L.l)., about 1 litre of bloody fluid was present in the 
pleural cavity, the lungs also being full of blood. This animal 
obviouslN drowned in its own exudate. 


3. //acuiOftffK', 

In (‘onducting the haenndytic test, toxin was added to I t) c.c. of 
a 2*5 per cent, suspension of thrice w^ashed sheep red cells, the total 
volume made up to 2*5 c.c. wnth saline, the tubes incubated at 37^ C. 
for 2 hours and, after standing at room tenqierature for a iurthcr 
2 hours, were read as complete ((^), nearly complete (N.(^), i)artial 
(P), tra(‘e (T) or negative (O) haemolysis. In table 3 are recorded 
the minimal haemolytic doses (M.H.D.) and Idis of a number of 
toxins. The Lh wuis arrived at by mixing 0-5 c.c. of the toxin with 
decreasing amounts of antitoxin, allowing the mixtures to stand for 
one hour at room temperature, adding 1*0 c.c. of red cell suspension 
and after adjusting the volume to 2*5 (*.c. with vsaline treating the 
tubes as described for the M.H.D. test. In these tests, the haemolytic 
pow*er of the pulped culture and of this pulped filtrate after precipita¬ 
tion, dialysis, drying and re-solution (.100 mg. in 1*0 c.c.) was 
established. 
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Table f3. 


The Haemolytic Power of VA. rhauvoei Toxtri. 



Pulped toxin. 

Precipitated toxin. 

Age of Toxin. 






M.H.l). 

Lh. 

M.H.i). 

Lh. 

Strain L (v). 

20 hours 

01 

0 03-0 1 

01 

003-0 1 

48 hours 

0 1 

003-01 

oor> 

>01 

96 hours 

0-25 

0 03-01 

01 

?0 1 

168 hours 

0-25 

<0 01 

0 05 

0*03-0 1 

Strain L (v) (another brew). 

36 hours 

0 05 

003-01 

j 

-- 


Strain L (av.). 


36 hours 

0 05 

0*03-0 1 

-- 



Strain I). 


20 hours 

-- 

- 

0 1-0 3 

• 


Strain 64. 


20 hours 

0 025 1 

0 03-0*1 — 


Strain 64 (another brew). 

20 hours 

10 

N.D. 0-2 

0*03-0 1 

48 hours 

0-25 

0*03-0*1 0*2 

0*1 -0*3 

72 hours 

10 

N.D. 0*25 

0*1 -03 


(All figures ^c.c., precipitated toxin dissolved 100 nig. in 
1*0 c.c. saline; N.I). = not done; age of toxin—number of hours 
that culture was grown ; in the Lh titrations, O b (;.c. of toxin was 
used; the first figure is that amount of a certain antitoxin which 
did not neutralize the lysin contained in this amount of toxin and the 
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second figure is that uiuoiait which did neutralize it; tlie M.H.D. and 
lih titrations were carried out at 100 per cent, limits; the M.H.U. 
was taken as that amount which produced a “ partial ’’ or “ large 
trace ’’ haemolysis^. 


It will be noticed that neither the original })ulped nor 
tlu^ precipitated filtrates of (Jl. chawoei are markedly haemo¬ 
lytic, from 0*025 c.c. to 1*0 c.c. being required to cause 
partial lysis of sheep red cells. Further, large amounts of 
antitoxin are required to lu'oduce neutralization, much more 
than was necessary to neutralize that portion of the toxin 
causing’ skin reactions. For example, 0 00(S c.c. of a certain anti¬ 
toxin (38212) was required to neutralize a test dose (0*1 c.c. = 10 
M.lt.]).) of St rain L precijiitated toxin, whereas 0*1 c.c. w’as necessary 
for 0*5 c.c. (5 M.n.i).) in ihe haemolytic test. The sera of different 
animals (not immunized against f7. chauvoei) had a definite neutra- 
liziiig power. The sera of normal horses, cattle, sheep, goats, rabbits 
and guinea-pigs in a dose of 0*1 c.c. could neutralize 5 to 10 AI.H.I). 
of 37 toxin. The indications were that cattl(‘ and guinea-pig sera 
NNert^ lioorer in this respect than those of the horse. No indication 
was got that the antitoxins of Cl, irrlchii. Types A, B or 1), 
(H'tlrnidllois^ scjitfcuni, (all made in horses), histolt/ttcnni 

(rabbit) or hotuhnum^ Types A, B, (\ and 1) (goats) contained more 
antihaemolysin than the sera of the normal animals in which they 
were made. Later it will be shown that few normal sera have a 
neutralizing effect on the skin-reacting jiroducd of 67. chawoei toxin. 
Thus, it is reasonably (‘ertain that the lysin and the toxin are sero¬ 
logically distinct. 

It is possible that (‘ulture medium plays a big jiart in lysin 
formation. This may ex])lain the stronger material obtained by 
Kojima 0*123) and Kerrin (1934). However, using Hartley\s and 
Pope’s digest media, strong lysins were not obtained by llie writer. 


(4) “ A fj(jrefif(irc ” Actum of Toivin, 

On suheutaneous injection of the toxin into giiinea-])igs or shee]), 
an appearaiK’e similar to that caused by culture, but without gas 
formation, Avas produced. Without recourse to smear examination 
and culture, it would be difficult to distinguish the one (*ondition from 
the other. With one toxin (37 P) the M.Il.l). of which was 9*01 c.c., 
0*5 c.c. produced death in a giiinea-jiig in from 30 to 48 hours, with a 
dark red oedema from tlie sternum to the pubis. 


The experiment recorded in table 4 shows that the toxin was 
able to activate spores. A 5-day-old meat-broth culture of vstrain 04 
was spun, the bacillary deposit washed twice in saline and then after 
reconstitution in saline to one quarter of the original volume was 
heated at 60^ C. for half-an-hour. To different amounts of tliis 
suspension, toxin was added, the total volume made up to 2*0 c.c. 
with saline and injected intramuscularly into guinea-pigs and sheep. 
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Table 4. 


77ie Activatinif Poirer of Toxin on 
('1. chauvoei S'povea. Mixture 

Washed and Ileaied (GO® C.) 
Injected i,rn, into Thiijh, 

Animal. 

Spore 

Huspensiort 

(C.C.). 

i 

Toxin 

(e.e.). ! 

1 

Result. 

G.l’. 1. 

1 0 

None 

Nil. 

G.P. 2. 

0 5 

01 ; 

J..L. N 

G.l*. 3. 

0 5 

0-25 

r o/n. 

G.P. 4. 

0-25 

0-25 

2 d. 

G.P. 5. 

0 25 

O-J I 

f- 1 d. 

G.P. 6. 

None 

n 25 

L.L. N 

G.P. 7. 

None 

0 1 

Nil. 

Sheep 1 (37518). 

0 5 

0 01 

1 o/n. 

Sheep 2(34477). 

0 5 

0 0.5 

1 H 1 d. 

Sheep 3(39745). 

1 0 1 

None. 

. Nil. 

Sheep 4(40751). 

None. 

0 5 i 

1 L.L. v 

Sheep 5(40390). 

0 5 

1 0 

L. \ 

Shee]) 6 (40492). 

0 .’) 

I 

0 5 : 

' 

Sl.L. N 


(G.J*.-‘-^^ninea pi^?; !-~died; i ^lived; o/n~ ovprnitrht; d —day(s); nil —no re¬ 
action; L—lamo; Sl,L. —slightiy lamt*; L.L. - lame, le‘g HW»olk*n and skin rod. »She(*|) 
I, 2, 3 and 4 wore normal; sheep 5 and 6 were immune.) 


The fact that iinnninized shehp (Nos. 5 and (>) weie able 1o with¬ 
stand innch lar^'er doses ot' toxin than normal sh(‘ej) (Nos. 1 to 4) 
suggested a method of testing* the immunity produced in sheep treated 
with anacultiire. Toxin and a spore suspension wert» ]»rej)ared and 
the sinaJI(*st activatiiio* dose of toxin was as<ertained in sheep aiid 
ouinea-pigs. Jletween tests the spore suspension was held at about 
2^ (). IJnfortuiiately the susjiension deteriorated rapidly and one 
month atter preparation about ton times more thaji \Nas used in the* 
first test was reijuired (phis the orif»'inal minimum activating' dose of 
toxin) to cause the death of the e\]>erimental animal. As will be 
shown later, the dry toxin is stable for at least one year at room 
temperature. 


Tiir: SrKcnFioiTY of thf Toxin. 


When methods had been devised for producing toxin rep:ulaily 
and tor titrating.? it reasonably accurately, every batch mad(* was 
titrated ag^ainst an immune sheep’s serum and the sera of one or more 
normal sheep. This involved the cMuiduetiug of an Lr test (5 to 10 
M.U.I). were titrated inti’adermically against decreasing amounts of 
antitoxin) and the demonstration that 0*1 c.e. of normal serum was 
incapable of neutralizing 1 to 2 M.R.D. Table 5 records the results 
of a series of M.R.D. and Lr tests with toxin 37 L and antitoxin 38212. 
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Tablk 5. 


The Arcuracy of the MJiJ), and ]jr Tests {To.rin 37 L). 


M.R.I). 


l)oS'' {c,c.). 

Number 

of 

tests. 

Results. 




J- 

:1- 

— 

0 0025. 


6 

0 

I 

5 

0 005. 


0 

o 

5 

1 

0 01. 


12 

0 

5 

0 

0 015. 


0 

.5 

1 

0 

0 02 . 


0 

() 

0 

0 



Lr. 





(Tost dose toxin —0 1 c 

•c.) 




1 

Number i 





1)()S(‘ .\ntitoMn ((* (•.). 

of j 



lU'SUlt. 



te.stH. 1 





j 


1 

! 


' tr 

i 1 


0 0025. * 

.) I 

.> j 

0 

1 1 

' 0 

0 

0 . i 

5 

5 

0 

! b 

0 

0 0055. 


2 

0 

1 •> 

0 

0 004. .. . i 

4 i 

0 

0 

1 1 ' 

5 

0 0045 ... .1 

4 

0 ' 

0 

i 0 : 

4 

0 005. i 


0 1 

0 

i 0 



(The t<,)\in was disHoIved in 1 : 1(K> adronalin-salini' (lOd niir. ni J 0 
-decrees of r<‘a( fiou ; roadinirs taken after 24 hours.) 


Tlie results just ^iveii show thnt Cl, ehaurttei toxin oiul antitoxin 
may he titrated with a considerable dej»’ree ot aec uiacv by thi* guinea” 
pio- iatraderinie method and in the writer’s ()])inion (lie accuracy com¬ 
pares favourably with the iiiiradennic titiation of the toxins and 
antitoxins of Cl. irrirhti, Tyjie B and of Cl. scytirvm. Fuither, 
results, almost su])erimposable on those in tabtle b (but witli dilferent 
dosufie) could be tabulated for at least b other llre^^s of toxin. 

The results obtained in titrating- 1 M.K.l). (O'Ol c.c.) of 37 L 
toxin aoainst 0*1 (*.c. of normal sera and against the antitoxins of 
other sjiorulating* anaerobes may be summarised as follows: -The 
sera of the following normal animals had no neutralissing eft'ect— 
4 horses, 10 sheep, 10 guinea-pigs, and 4 goats. The seruin of a 
two-months-old calf and of two one-year-old bullocks was without 
effect but that of a 2-vear-old bovine neutralized 4 but not (i M.Tt.l). 
One normal rabbit^s seruin reduced greatly the reaction jiroduced by 
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1 M.Tl.l). Using' another toxin (JtO M.K.J). — 0 015) these results were 
obtained with 4 other rabbits. The serum of rabbit (1) neutralized 1 
to U that of rabbit (2) M.IM)., that of rabbit (:{) 2 M.ll.l). 

and that of rabbit (4) 5 to (> M.R.l). The following* antitoxins, 
prepared in horses, rabbits and goats had no neutralizing i)()wer— 
Cl. welchii, Types A, B and 1 ), ocdematiens^ histoJyficum^ tetani and 
hotnlinvm, Types A, B, C and U. It is interesting, in view of the 
results just given tor normal rabbit serum, to note that the lustoly- 
tivvrn antitoxin was prepared in a rabbit. The results with 
CL septirum antitoxin will be dealt with separately, becauvse it was 
capable of neutralizing a (‘onsiderable amount of toxin. 


The Seroloyica! Relationship of the Toj'ins Produeed hy Four 
Different Strains. —Toxins were prepared from strains 04 (42), 
D (d7 L), L (44 a) and R 77 (40) and antitoxins made in sheep and 
goats. In the case of 04 toxin, a sheep received first anaeulture, 
subcutaneously, then living culture intramuscularly, followed by 
ana(*iilture in increasing bi-weekly doses and finally an injection of 
about 100 faial doses of culture intramuscularly. The other anti¬ 
toxins were made in goats by injecting, subcutaneously, increasing 
doses of toxoid (formol-filtrate). In table 0, the neutralizing doses 
of the antitoxins against test doses of the four toxins are recorded. 


Taiii.e G. 

Neutralizaiion of (U. chauvoei To.nns, made from Fovr Different 
Strains, hy Antitcmins prepared in Sheep and (loats. (iruinea- 
pig Tntradermic Method.) 


Toxin. 

Antitoxin (c.c.) (neutralizing doHp). 

Strain. 

1 

1 

M.R.n. 

T.l). 

I). 

64 

1 ! 
1 

K 77. 


c.e. 

c.c. 





D (37 L) 

001 

0 1 

0 03 

0 0036 

0*008 

01 

64 (42) 

0 016-0 02 

01 

0*008 

0 0012 

0 003 

0 04 

L (44a) 

0 01 

0 1 

006 

0 008 

0 02 

016 

R 77 (40) 

0 015-0 02 

01 

0 012 

0 0012 

0 0026 

0 02 




Ratios. 




8 

1 

2 

28 




7 

1 

H 

33 




7 

1 

H \ 

20 




10 

1 

1 

2 1 

1 

16 


(T.D.^test dose. Toxin and antitoxin mixed, left for one hour and injected; anti¬ 
toxin lovolfl varied by 20-30 per cent.) 
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The results “iveii in table 6 show that, no matter which toxin was 
used, the antitoxins were placed in the same order of value. It will 
be noticed that the ratios for antitoxin K 77 vary somewhat. I'he 
possibility exists that this antitoxin was veiy iion-avid, as some 
difficulty was experien(*ed in obtaining a sharp end point. A vSplay 
of ± or trace reactions from 0‘01 c.c. to () ()2 c.c. was often got, 
indicating* a loose combination of toxin and antibody. 

Tinder approj)riate headings, results will be presented show’ing* 
that the injection into guinea-pigs or sheep of filtrate or formol- 
filtrate rendered them refra(‘tory to the intravenous and intradermic 
administration of toxin or the intramuscular inoculation of living 
culture and that the sejum of such animals contained neutralizing 
antibodies. The ability of the serum of a bovine of over 
two years of age and of rabbits to neutralize I to (i M.lt.J). of toxin 
is in accord with the known insusceptibility of these animals to the 
natural disease (bovines) or to the inoculation of living cvilture (rabbit). 
However, it is recognised that the jnesence of antitoxin in the blood 
may not be the only factor in operation. The horse is relatively insus¬ 
ceptible to black (juarter, yet the sera of a number of normal horses 

and of horses immunized against the toxins of other anaeroties had 

no neutralizing pn»perties. Again, as will be shown later, a slice]) 
may lie rendered highly immune to culture (and ])robably to the 

natural discsisc) without theie being demonstrable antitoxin in the 

blood stregain. 

Idius, one may conclude that the presenc*e of 67. rhavvoei anti¬ 
toxin in the blood of an animal is usually a strong indication of a 
stimulus with the coirc*s])onding tcixin (the word “ usually ” is pui- 
])osely employed, as it is difficult to cc)nc*eive of labbits and not 
guinea-pigs receiving the stimulus). Further, the toxins of two 
South Afri(‘an, one iMirojiean and one llhodesian strain of CL 
chduron are serologically indistinguishable. 


Floci’uhifion .—A number of attempts to titrate toxin and anti¬ 
toxin by Ramon’s (1922) method failed. After establishing the 
neutral j)oint intradermically in guinea-])igs, a test was ])ut up using 
1*0 c.c*. of toxin and amounts of antitoxin varying from 100 ])er 
cent, more than to 100 ])er c*ent. less than the determitied neutralizing 
dose. The mixtures, at ])H 7*0, 7*4 and 7*8, were heated at C. 
and at 50^ respectively for b hours and then left for 18 to 48 
hours at 10^ (\ No flocculation visible through a x8 hand lens was 
discernible. 


The Stability of the Toxtn. 

Dry toxins have retained their original values (M.R.I). and Lr) 
for at least two years. However, in the dissolved state, the precipi¬ 
tated toxins appear to be no more stable than the licpiid filtrates. 
In Table 7, the effects on toxicity of heating pulped filtrate pH 0*5 
(Strain G4, toxin 47) and of allowing it to stand for different periods 
at 5^ 0. without preservative are recorded. 
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Table 7. 

The Effect of Heat and. of Storage on Toxin (Toxin 47). 



M.R.I). 

Lr. 

Original. 

(c.c.). 

0 015 

^c.o.). 

>0 004 

1 day 5" C. 

0 025 

0 002 

2 days 5° 0 . 

O'026 

N.D. 

3 days 6° C. 

? 0 025 

0 001 

i hour 60° 0. 

?0 1 

0 0007 

i hour 78° C. 

>0'J 

<0 001 

i hour 95° C . 

>0 2 

<0 001 


(For the Lr. titrations, 0 2 c.c. of toxin was titrated against antitoxin, the levels of 
which differed by 20-30 per cent. The figures given under Lr—the amounts of a ceitnin 
antitoxin required to neutralise the test dose of toxin.) 


The results given in Table 7 show that the toxin is thermolabile 
and resists storage badly even at a low temperature and in sealed-off 
tubes. This experiment was confirmed on many occasions when it 
was necessary to store toxin for 18 hours in case a repeat test was 
necessary. Very often the M.ll.l). rose and the Lr fell several 
hundred per cent, in tliis short time. 


PART II. 


THE PRODUCTION OF IMMUNITY. 

PliOnUCTION OF Immunhy with Precipiiatej) Toxjn. 

It was anticii)ated dhat a relatively small amount of precipitated 
toxin would i)roduoe immunity to the inoculation of a lethal dose oi 
virulent culture, because, if the iiinnuuity was brought about only 
by the soluble toxin, then the injection of a few milligrams of the 
dry material w-as equivalent to the administration of one to several 
cubic centimetres of the liquid filtrate. However, as Benderson 
(UW2) has show^n in small animals and Mason and Seheuber (19^10) 
in shee]), immunity to culture does not necessarily dejiend entirely 
on the presence of toxin or toxoid in the vaccine injected. Heat- 
killed bacilli alone jjroduce a good immunity to culture. 

Three sheep received, subcutaneously, 0*01 c.c.., 0*1 c.c. and 
10 C.C., respectively of a dissolved dry toxin S.C.’’ M.R.I). 
0*015 c.c. to 0*02 C.C.). Three weeks later, one did not withstand 
1 M.ll.D. of culture, inoculated intramuscularly, the second died 
from 2i M.L.I). and the third from 10 M.L.D. (Sheep ^18837, 36878, 
36856, and control sheep 37583, 37105.) One cannot say, from this 
result, if any immunity at all was produced, but it is definite that 
it was not of a high order. 
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From a number of guinea-jugs which had been used for the 
intradermic titration of toxin and antitoxin, four were vset aside and 
three weeks later, all received, subcutaneously, 0*5 c.c. of a dry 
toxin 2(m M.ll.D. ^ 0*01 c.c,). Sixteen days after this 
injection 0*4 c.c. of culture was inoculated intramuscularly into all. 
Three survived, and one died within 36 hours; normal control guinea- 
pigs which received 0*1 c.c., 0*15 c.c., 0*2 c.c. and 0*4 c.c. of the 
same culture died in from 1 to 3 days. 


In an intravenous titration, sheejj 41010 received 1*5 gm. and 
sheep 41530 2 gm. of toxin 49. Both survived. Prior to the 
injection, 0*1 c.c. of neither serum neutralized 1 M.lt.l). of toxin 
37 L. Three weeks later, 41010 received 3 gm. of toxin 49 intra¬ 
venously; and survived. Two weeks later, 1) 02 c.c*. of the serum 
of 41010 neutralized 10 M.B.B. of 37 L toxin and 0*1 c.c. of thal 
of 41530 10 M.B.l). Both survived the intramuscular injection of 
10 M.L.B. of culture. 


Thus, it is shown that i)recipitated toxin can stimulate the 
formation of antitoxin, and in large doses can immunize sheep and 
guinea-])igs against culture. 


l^ioin:c'j’ioN OF Immunity with FoiaiouzKi) Filtratk. 


It is well knoun that filtrate or formol-filtrate is a satis¬ 
factory antigen. 'Flip literature bears witness that guinea- 
pigs, sheep and cattle may be solidly immunized against culture or 
the natural disease by the injection of the one or the other of these 
antigens. Therefore, no good ])uri)Ose would be served by presenting 
data on this ])oint. However, the results given in Table 8 do i)rove 
that shee]) which have received formol-filtrate develoj) circulating 
antitoxin, rt\sist the injection of culture and do not react when toxin 
is injected intradermically. Strain 64 was grown for 18 hours in 
meat broth idus guinea-i)ig liver extract and pulped. To the filtrate 
at pll 7*4 enough formalin was added to make a 0*3 per cent, con¬ 
centration and the whole incubated at 37® (\ for 48 hours. The 
details of the experiment are recorded in Table 8. 

It will be observed that no sheep had demonstrable circulating 
antitoxin prior to the injection of the antigen but that 0*1 (*.(*. of 
serum was able to neutralize from 2 to more than 6 M.ll.D. of a 
certain toxin (37 L) in from 13 to 25 days after the vsecond injection 
of formol-toxoid. The M.R.D. test was not carried out prior to 
immunization but results in many other normal sheep showed that 
only a veiy occasional one was able to withstand 1 M.ll.D. It will 
be seen that all 8 sheep tested did not react to the injection of 
2 M.ll.D. of toxin. Three of four sheep resisted 1 M.L.D. (i.v.) of 
toxin and two showed only minimal reactions after receiving 10 
M.L.D. of culture intramuscularly. 
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Tajjle 8. 

I mmunizatiov of Sheep with Forinol-toxoid {F anno I-jilt rate). Sheep 
received 5 r.r. on 12.2.25 \xnd 10 e.c. on 5.3.-‘15 {Experiment 48). 


She(»p. 

Number M.K.l). 
by 0 1 (‘. 

toxin iu‘utrah7.(<l 
c. sonim. 

Nnmb(‘r 
M.K.l). 
toxin 
withstood 
by shoi'p. 

Number M.L.D. 
(i.v.) toxin withstood 
by shoop. 

Number 
M.L.D. 
(i.m.) 
culture 
withstood 
hy sheep. 


11/2/36. 

18/3/35. 

27/3/35. 

.30/3/36. 

27/3/35. 

28/3/36. 

30/3/35. 

31/.3/36. 

39777 

<1 



1 

>0 

2 


at least J 


39782 

<1 


3-4 


2 

<1’: 



40098 

<1 

2-5 






.>10 

40701 

<1 



3-6 

1-2 


at least 1 


40899 

< 1 

2 5 







40935 

<J 

2-5 






.10 

40941 

<1 

2 5 







41003 

<[ 


4-5 


.) 

at leant 1 



41005 

<1 



: 0 

2 




41082 




-0 

.2 




41522 

<1 



3-0 

*> 




41582 

1 < I 



0 

' .o 





* This sheep was alive and well at Ihc 30th hour after injection, when it suddenly Htart<‘d to blow, 
to die in 6 hours. At post.mort(‘m, the hin^s we^re oodematous wnth a bloody effusion in tli(‘ pleura, 
cavity. 


These results prove that the iujectioii of foniiol-toxoid stiiiuilates 
the foniiatiou of aniitoxiii, resultin^J!* in the sheep beinf^* able to 
withstand toxin administered •intraderniieally or intravenously. 
Further, suedi sheep resist culture, inoculated intramuscularly. The 
results of some dozens of tests have shown that the iiresence in 
()•] c.c. of serum of suflicient antitoxin to neutralize a 1 to 2 M.ll.l). 
of 87 L toxin will render a sheep insusceptible to the administration 
of 1 to 10 M.L.D. of culture. However, as results will presently 
be piesented showings tliat sheeji may be solidly immunized agninst 
culture and yet have ’no circulating antitoxin (immunization with 
boiled liacilli), one cannot be certain that their high degree of 
immunity to culture is necessarily dependent on the antitoxin. 


l^komjcTTON OF Immunity with Washed Boiled Bacilli. 

This experiment was one of the last to be carried out, but is 
inserted at this point so that the section on the titration of toxoids 
by the total-antitoxin-combining-imw^er test may be made clearer. 
Several workers, Robertson and Felix (1930), Green (1929), but in 
particular Henderson (1932, 1933, 1934), have shown that mice, 
guinea-pigs and sheep may be immunized against CL chauvoei bacilli 
and/or spores by the subcutaneous injection of the killed organisms. 
Henderson tested the immunity of his immunized mice and guinea- 
pigs by injecting washed 8])ore8 activated with calcium chloride. 
Reasoning on hypothetical grounds, the writer considered that the 
immunity produced by toxin-(aggresBip) free killed germs would be 

458 



J. H. MASON. 


broken down with culture. When activaled s])<)res are used 
for test purjwses the antilxjdies to the bacteria would be 
suffiident to destroy most of the spores (or the ve<>etalive forms 
lesulting' therefrom) but when culture is inoculated, the bac¬ 
teria (*ould continue lo niulti])ly under the activating influence 
of the toxin, against which no antitoxin is available. As rejiorted 
by Mason and Scheuber (J9dG) tests in shee]) showed that the injection 
of killed, washed bacilli produced a powerful immunity against 
culture, but only when a dense suspension of such bacilli was given. 
Usually o O c.c. of formolized-whole culture, injected subcutaneously, 
is suflicieni to immunize a shee]) against 1 to 20 M.L.l). of culture; 
the injection of the washed boiled germs of 5*0 c.c. of culture did 
not immunize against 1 sure M.L.l). 

The ex])ei'iment, the results of which are recorded in Table 9, 
was conducted along with that noted under “ the jiroduction of 
immunity with formolized-filtrate ” (Table S). Strain 04 was grown 
in the same lot of medium and under the same conditions as noted, 
and the bacilli from d litres were w’ashed d times in distilled water, 
boiled for 2 hours and (‘iiough XaUl added to make a 0-85 per cent, 
c.oncentration. The opacity of the sus])ension corres])onded to tube ,9 
of a Iliirroughs, Wellcome and (\)mpanv’vs nephelometer. The details 
of the injections and tests are rei'orded in Table 9, and should be 
c.ompared with those given in Table 8. 


Tahuk 9. 

Jftinivruzaiion of Sher/t trffh Boiled Baellh, Sheep reenred 

10 c.c. on 12.2.do (Uid 10 i'.e. on o.d.do {KA'pen nwnt 48). 



Number M.R.I), tovin neutralized 



by 0 ’ 1 c.c 

•. serum. 


Sheep. 






11/2 :ir>. 1 

1 

18 '3 35. 

27 3, 35. 

30 3, .3. 

H4301 

<1 


V. J 


39741 

<\ 

1 



39761 j 

<1 



-J 

39748 1 

<1 

<1 



40681 

<1 



<1 

40684 

<1 




40711 

<1 


<1 


40951 

<1 


{ 

<1 

40952 

<1 



<1 

41018 

<1 

<1 



41070 

<1 



<1 

41110 

<1 

<1 


<1 


Number 
M.K.l). 
toxin 
withstood 
by .sheep. 

Number M.L.l). 

Number 

M.L.l). 

(i. \.) toMii withstood 
liy sheep. 

(i.m.) of 
culture 
withstood 
bx? sheep. 

29 3, 35. 

28/3 35. 

3/4/35. 

28/3/3.5. 


<l 


10 

<1 



10 

<1 

<1 

? mis.s L* 


<1 

1 not IJ 


<1 


<1 




<1 





It is doubtful if this sheep received a full dose. It survived, after the injection of ? 1 M.L.l). 
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The results are quite different from those recorded in Table 8. 
Although the sheep were immune to the intramuscular inoculation 
of living culture, no anti-toxin was present in the blood and the sheep 
did not resist the intradermic or intravenous injection of toxin. 
Thus it is obvious that immunity to culture (and most probably to 
the natural disease) is not necessarily dependent on the presence of 
circulating antitoxin. In the two foregoing experiments, only two 
sheep in each group were tested with culture. However, hundreds 
of examples could be given of the ability of one injection of formol- 
filtrate to immunize against 1 to 40 M.L.D. of culture and sufficient 
data were given in the paper by Mason and Scheuber to show that 
a single stimulus with boiled bacilli ])roduces solid immunity. 
Further, in these experiments the reaction of all 4 sheep to the 
administration of 10 M.L.D. was minimal. Normal control sheep 
were included in each immunity test. The M.L.D. toxin (i.v.) test 
was not absolutely satisfactory. The lethal dose of the toxin (48) 
used was 1-5 gm., and from the symptoms shown almost immediately 
by most sheep, it would aj)pear that the toxin contained a consider¬ 
able amount of non-specific material. There would appear to be 
no reason why the further purification of the toxin should not 
eliminate the ap])earance of these early symptoms. 

In Table 10 are recorded some furl her tests on the “ boiled 
bacilli sheep. 


Table 10. 

Develo'prrmnt of Antitoxin in^ and Resistance to Toxin hij Sheep 
First Treated with Boiled Bacilli (12.2.35 and 5.3.35) and then 
liih Cal in re {i,m.) or Toxin {i.r.) 



1 




No. M.R.D. toxin 



Previous treatment. 


noutralizod bv 

No.M.K.T). 

1 

Sheep. 




.30.3.35 

0 1 c.c. 

scrum. 

toxin 

withstood 


12 2 35 

22. 3. V) 





by sheep. 


5.3..35 

28.3.35 


12.4.,35 

15.4.35 

i5.4.35 

39476 

Nil 

0 6 pm. 




14 




48 toxin 








i.v. 







d 







39741 



10 M.L.D. 








culture 






H 


i.m. 





39748 

a 


10 M.L.D. 






s 


culture 


i 






i.m. 


1 



39761 

s 



1 gm. 


7-10 

5 


.o 



48 toxin 








i.v. 




40951 




1 gm. 


2-^ 

5 


S 



48 toxin 
i.v. 





Note.— 8heep 39476 was a “ toxin control ” sheep. 
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As would be expected, the intravenous injection of toxin stimu¬ 
lated the formation of antitoxin. It is remarkable that sheep 39741, 
which received culture, intramuscularly, res])onded so well, 0 025 c.c. 
of its serum neutralizing 10 M.ll.D. of 37 ]j toxin (end point not 
reached). 

PnonrcTioN of Immunity against 67. chauvnei with 
CL sept lev m toxoij). 

Under “ The specificity of the toxin it was stated that 
CL septicum antitoxin neutralized CL chaiivoei toxin. The relation¬ 
ship of CL sepfictnti and 67. chauvoei has occasioned discussion and 
even controversy from the time they were first isolated right up to 
the present day. Mihailesco (1934) discusses the literature and the 
pros and cons very fully. In the writer’s opinion, a considerable 
amount of the confusion has been caused by workers relying ui)oii 
morphological and cultural cdiaracteristics and failing to conduct a 
toxin-production test. The supernatant fluid or filtrate of a 24 to 
48 hours’ meat broth culture of CL sephenm will kill a mouse in 
from 1 to 24 hours after the intravenous injection of from 0*01 c.c. 
to 0*1 c.c. No chauvoei filtrate of the writer’s has behaved in this 
way. Further, and of great importance, su(*h se])ticum toxin is 
specifically neiitralizable by the homologous antitoxin, whereas 
chauvoei antitoxin has no effect on it. As will be shown shortly, the 
reverse does not hold good. 

Leclainche and Vallee (1900®) found that 67. chauvoei antiserum 
admin isfered to guinea-pigs did not immunize them against 
CL septicum culture and those actively immunized against 
Cl, chauvoei ivere not resistant to CL septicum. They state that the 
antiserum (protective and agglutinative) of each germ is rigorously 
specific. Goss et aL (1921) note that chauvoei aiitiseiuni protects 
against CL chauvoei but not against CL septicum and that chauvoei 
agglutinating serum is without effect on se])ticuin bacilli. Basset 
(1925) noted no cross immunily, and Gins and Hussein (1927, 1928) 
could not demonstrate cross agglutination. Weinberg and his co¬ 
workers (Weinberg and Mihailesco 1929, Weinberg, Davesne, 
Milhailesco and Sanchez, 1929, Weinberg and llavesne, 1935^ ®) 
maintain that CL chauvoei and septicum are allied micro-organisms. 
They say that Cl. chauvoei produces variants and possesses rece])tors 
in common with CL septicum. Anti-se])ticmm serum nearly always 
neutralizes CL chauvoei and although a relatively large volume is 
necessary, this is usually less than for normal serum. Further, 
they state, there is a correlation between the amount of chauvoei 
antitoxin in sejiticum antiserum and the power of this to neutralize 
chauvoei culture. AUio, they noted cross complement fixation 
between the two germs. 

Experiments with Cl. sei)ticum antitoxin. 

Using chauvoei toxin 27, it was found that 01 to 0*15 c.c. of a 
certain septicum antitoxin (G.G. 2756, prepared in a horse at the 
Wellcome Laboratories) neutralized 10 M.R.D. A goat (35451) was 
immunized at Onderstepoort by injecting septicum anaculture sub¬ 
cutaneously over a period of two and a half months, using the same 
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Btrain of CL septicuiw (K.F.) as was employed to prepare (i.G. 2750. 
Between 0*15 c.c. and 0*2 c.c. of this aiiimars serum neutralized 
10 M.R.U. of ehauvoei toxin 27. About 15 mouse (i.v.) 
M.L.D. of a certain septicuni toxin (Batch E) was neutralized 
by between 0 005 c.c. ami O'Ol c.c. of each of these sera. A rather 
low value sej)ticum aniitoxin i)repared in a ^oat by the writer’s 
colleague, Ur. Scheuber, with a local strain (11 27) also neutralized 
27 toxin (0*1 c.v. neutralized to 5 M.R.U.). On these results, an 
experiment was set up to check the matter thoroughly. 

Strain K.F. was “ single-celled ” twice in the manner described 
by the writer (193(r). The morphological, cultural and pathogenic 
properties of the resultant culture w’ere those given under “ purity 
of cultures It was then grown for 36 hours in meat broth, plus 
serum, haemolysed c.ells and liver extract. After removal the meal 
])aiticles, enough formalin was added to make a 0*45 per cent, 
concentration, and then incubated for 48 hours at 37® C. The value 
of the toxin and the toxoid (amumlture) was as follows: — 

M.L.l). of toxin (mouse i.v.) - 0*005 c.c. to 0*01 c.c. 

M.L.U. of toxoid (mouse i.v.) >0*5 c.c. 

Lv of toxin -= 0*1 c.c. bound 0*01 c.c. of antitoxin (1.(1. 2756. 

Total antitoxin-binding value of toxoid ^ 0*1 c.c. bound 
0*0075 c.c. of antitoxin (1.(1. 2756. 

One certain fatal dose of the toxin (mouse i.v.) was not 
neutralized by 0*1 c.c. of the antitoxins of CL welchii, histolyticmri, 
oedemMiens^ hotvlivvin (A, B, C and D), sordelhi and chavvoei 
(serum of sheep 37281). . 

E.rpvi nnvnt ni Slieep{\), —Eight normal sheep were set aside 
ami their sera tested for neutralizing power against the above septi- 
cum toxin and against chauvoei toxin (37 L). One M.Ij.D. of 
septic-um toxin and one M.R.U. of chauvoei toxin was not neutralized 
by 01 c.c. of the serum of any sheep. ITie animals were then 
treated as noted in Table II, w^hich also gives the results of various 
tests. 

The spore suspension was prepared from a Uorset’s egg medium 
culture as described by Henderson (19f32). The adrenalin was used 
as an activator of the spores bec*ause of the results obtained by the 
writer (1936^) with the spores of CL welchii. Type B. In the second 
test, the adrenalin was omitted because it w^as found that toxin, alone, 
was a suitable activator and did not introduce a non-specific factor. 

The results show that two subcutaneous injections of CL septicum 
anaculture stimulated the formation of considerable amounts of 
septicum antitoxin and small amounts of chauvoei antitoxin. After 
three injections, chauvoei antitoxin was demonstrable in the sera of 
all five sheep tested. No indication was got of a correlation between 
the amount of septicum and chauvoei antitoxins in the various sheep. 
However, there is the definite indication that the amount of circu¬ 
lating chauvoei antitoxin bore a close relation to the amount of toxin 
(contained in the activated spore euspeUsion) tolerated by the sheep. 
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Table 11. 

Production of Immunity against Cl. chauvoei by Injections of CT. sei)ticum anaculture. 


J. H. MASON, 


as,e 


h4 ^ .-5 I I I j 

4- 


iU 3 = 5 " ' 3 ^ 


V3 d ® O 




n 


^ g E 

«.Sri's 

2^g 


^ s s 


2^g 


-t +4 


O OS 


coc 

c • .-N c-i If: -H « If: 

=r i ' I Y I I 1 . 
^ o 4^* lo cc ^ ’*t If: ir: If: -4 


V V 


\)*B ojti;fn.n?uif uiiun^d«)K mm g. o 


^Sa! VVVVVVVV 


«g*0 

o.S^ ~VVVVV-'-V 

i..ja 

SS« VVVVVVVV 


a ini ---VVV V 


M*s i)jn^(nowu'B iunoi;jd%« mmq 


e^^cpQOOiW'Nx 

i-«<^POSff0PO5P 

'5ii-icoco^2ti'^»o 


a, 

a 


£ o 
3 .ts 
o 

x: a 


c o 

! t 

c o 

^ I 

. a> 


K 


E '5 

’3 .5 

O T5 
fc 0, 


- ^ 

o .c 


-tJ 

o 


11 
il 


0) 

H 


4 ^ 




THE TOXIN OF 


CL. CHAITVOEI 


t ( 


Sheep 40116, 01 c.c. of the serum of which barely neutralized 1 
M.K.D. of 37 L toxin succumbed to the injection of the siK)re sus¬ 
pension plus 10 mg. of toxin, whereas sheep 40390, 0 1 c.c. of the 
serum of which neutralized at least 10 M.R.D. of 37 L toxin, with¬ 
stood spore suspension plus 100 mg. of toxin. 


Table 11 (a), 

Details of the Ivimunitif Tests {against Cl. chauvoei) noted in 

Table 11. 


Sheep. 

Spore 

suspension. 

Adrenalin. 

Chauvoei 
toxin (37 Li. 

Result. 

40398. 

1 -0 c.c. 

11/9/34. 

0 1 c.c. 

1 Omg. 

+ o/n. 

40439. 

1 0 c.c. 

01 c.c. 

1 0 mg. 

+ 24h. 

40463. 

1 0 c.c. 

0 1 c.c. 

1 0 mg. 

f 36 h. 

Controls. 

404.'>8. 

1 0 c.c. 

01 c.c. 

1 *0 mg. 

4- o/n. 

40443. 

10 c.c. 

0*1 o.c. 

1 0 mg. 

4 o/n. 

39412. 

40116. 

40390. 

0*5 c.c. 

0*5 c.c. 

0 *6 c.c. 

6/10/34. 

not. 

100 mg. 

10 mg. 

100 mg. 

L. 

+ 3611. 

L. 

40492. 

0 *5 c.c. 

« 

50 mg. 

L. 

40598. 

0 *5 c.c. 

used. 

50 mg. 

L. 

Controls. 

34477. 

.37618. 

.39745. 

0*6 c.c. 

0 *6 o.c. 

0-5 c.c. 


5*0 mg. 

1 *0 mg. 

Nil. 

1 24 h. 

4 o/n. 

L. 


Experiment in Sheep (2).—Two sheep received, subc.uianeously, 
in the course of six weeks, 10 injections of a Cl. septicum (K.F.) 
anaculture. Prior to injection, 0*1 c.c. of the serum of neither animal 
neutralized 1 M.L.D. of a dry septicum toxin or 1 M.R.l). of a dry 
chauvoei toxin (37 L). At the end of the course of immunization, 
the following results were obtained: — 

Sheep 37322. Sheep 35540. 

Septicum antitoxin 0*015 c.c. and 0*01 c.c. to 0*015 c.c. 

of scrum neutralized 20 M.I/.D. of a septicum 
toxin (Batch E). 

Chauvoei antitoxin ... 0*025 c.c. to 0*05 c.c, and 0*025 c.c. to 0*05 c.c. 

of serum neutrali£sed 5 M.R.D. of 37 L toxin. 

Resistance to i.m. ino* 
culation of chauvoei 

culture. . 5 M.L.D. (0*5 c.c.) 5 M.L.D. (0*6 c.c.» 

I lived. lived. 

Controls to culture: Normal Sheep 33849 1 M.L.D. (0*1 c.c.) died 36 hours. 

Normal Sheep 37734 MX.D. (0*25 c.c.) died 24 hours. 
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(As pointed out by Mason and Scheuber (1980), 0*1 c.c. of lui 
18 hours’ meat-broth culture of Cl. chauvoei is usually an M.L.D. for 
a sheep.) 

E,T}>eTivwnt in Sheep (8).—Two sheep received 12 subcutaneous 
injections of septicum anaculture (strain R 27), at bi-weekly inter¬ 
vals. Prior to (jommencing immunization, no septicum or chaiivoei 
antitoxin was demonstrable in 0*1 c.c.. of the serum of either. At the 
end of the course the following results were obtained: — 

Sherp »S7457. Sheep 37913. 

Si^pticuin antitoxin ... 0*015 c.c. and 0*015 c.c. 

iientraliioed 20 M.L.D. of Dateh E toxin (made 
from strain K.F.). 

(.3ianvoei antitoxin ... 0*07 (‘.c*. to 0*1 e.i*. and 0*06 c.c. to 0*07 c.c. 

neutralized 5 M.H.D. of 29 toxin 

Resistance to i.in. ino¬ 
culation of cliaiivoei 

culture. 10 M.L.D. (1*0 c.c.) 10 M.L.D. (1 0 c.c.) 

lived. died. 

Controls to culture: Normal Sheep 38066 1 M.L.D. died. 

Immune Sheep 36552 10 M.L.D. lived. 

The results of the three experiments just presented prove that in 
CL septicum anaculture, there is an antigen capable of stimulating 
the formation in sheej) of CL chauroei antitoxin and of rendering 
these animals insusceptible to the inoculation of several lethal doses 
of Cl. chauvoei culture (or activated spore suspension). 

Having shown that Cl. .septicum antigens immunized against 
CL chauvoei, it became necessary to prove or disprove that the reverse 
held gcx)d. 


E.xperiment 1. 

Kight sheep which had received subcutaneously from 2 to 20 c.c. 
of CL chauroei anacultuie and had survived the intramusiuilar inocu¬ 
lation of one or more M.L.D. of culture were bled and their sera 
titrated for the presence of septicum antitoxin. One sure fatal dose 
(0*01 c.c.) of a certain septicum toxin (Batch E) was not neutralized 
by 0*1 c.c. of any seinim, and a*doubtful lethal amount, 0 ()()7 c.c., 
was neutralized by only 2 sera. In a more detailed test, it was found 
that the sera of four of these sheeji had no more neutralizing effect 
upon fractional M.L.D. of septicum toxin than had the sera of 4 
normal sheep. 


Experiment 2. 

Three sheep were treated as follows. One (37534) received 
chauvoei anaculture and then living culture (1 to 2 M.L.D.) and two 
others (87827, 36552) filtrated black quarter oedema fluid (from sheep) 
and then living culture (10 M.L.D.). Between 5.4.34 and 21.6.84 
each received 9 gm. of a dry chauvoei toxin and 1,550 c.c. of a formol- 
filtrate subcutaneously. On the 4.7.34, 0*1 c.c, of the serum of no 
sheep neutralized 1 M.L.D. of septicum (Batch E) toxin. Of the 
pooled sera of the three animals 0*005 c.c. neutralized 10 M.R.D. of 
chauvoei 37 L toxin. On the 10.7.34 each sheep received a lethal dose 
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of septicum toxin intravenously, and all died within 12 hours. The 
amount given was 3*5 nig. of dry toxin per kilogram body weight. 
Using the same batch (E) of toxin, Mason (1935) found that the lethal 
dose was about 3 mg. per kilogram body weight. 

These two experiments and especially the second one show that 
sheep highly immune to CL chauvoe% have no more immunity than 
normal sheep to the toxin of CL .septicum. 


PART III. 


THE TITRATION OF CL. CHAUVOEI ANTIGENS. 

It is accepted in immunology that, with a few exceptions, 
the more antitoxin a toxin or toxoid binds, the greater is its antigenic 
power. With diphtheria toxoid, the flocculation titre is closely re¬ 
lated to immunizing power and the writer (1936^) showed that the 
total-antitoxin-binding-power of CL wcichii, Type B toxoid fiears a 
close relation to its power of immunizing guinea-pigs. Thus, there 
w’as considerable a pi‘ion grounds for assuming that the same would 
hold good for CL chav rod formol-toxoid or anacultui e. 

Scott (1923*) evaluated filtrates by their power of activating non- 
lethal doses of Cl. chauawei spores or bacdlli. Another method he 
emploj^ed (1923^) w^as to estimate the value of the filtrate in terms of 
antitoxin. Filtrate and serum were mixed, and living spores added, 
and the whole inoculated into guinea-pigs. A “ good fitlrate w^ould 
bind more antitoxin than a bad ” one and thus less antitoxin wmiild 
be left over to “ neutralize the spores and the animals would die. 
Apart from the fact of whether or not this is a suitable method of 
titrating filtrates for antigenicity (and the results to be presented do 
not support the contention), the writer (unpublished work) w’as unable 
to obtain consistent results wdth ScotUs method; the guinea-pigs died 
in a most irregular fashion, irrespective of the amounts of antiserum 
or filtrate given. In a later article, Scott (1930) states that guinea- 
pigs are unsuitable test animals since they vary in susceptibility to 
67. chauvod. He also says that the addition of formalin to filtrate 
increases its potency, but Zschokke (1932) shows that this is due to 
the irritating effect of the formalin, itself. 

At these laboratories, the method of testing the immunizing value 
of black quarter vaccines is to inject 2 c.c. to 20 c.c. into sheep and 
to test with living culture after 14 to 21 days. This method gives a 
result, sufficient for practical purposes—a vaccine which so immunizes 
a group of six sheep that they withstand 1 to 5 lethal doses of culture 
is suitable for field use. However, only the roughest of comparisons 
between two vaccines is possible, unless an unwieldly number of 
animals is used for the test. One does not know the value of the 
antigen prior to injection so that it is mere chance if the correct 
amount of culture to show up a difference is inoculated at the test. 
This xwint was brought home forcibly to the writer and his colleague, 
Dr. Scheuber, in a series of experiments with black quarter vaccines. 
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About all that the method does tell is whether a vaccine is ^ood oj- 
bad, i.e. it is good if 5 or G of G injected sheep withstand 1 to IG 
M.L.13. of culture and bad if 4 to G of 0 sheep die after the 
inocTiliition of 1 or 2 M.L.l). 

To use guinea-pigs instead of slieep would not help, if the method 
of test w^as to be the ino(‘ulation of living culture. However, on the 
assumption that iniinunity production was bound uj) with the amouni 
of antitoxin an antigen could stimulate into formation, the guinea- 
pig promised to be a handier, but no better, animal than the sheep. 

E,c per invent 1. 

An experiment was carried out in the following way :—One group 
of guinea-i)igs received, as their primary stimulus, the injection of a 
dry toxin, and as their secondary stimulus, a good or a bad vaccine. 
A second group received, as their primary and their secondary 
stimulus, the good or the bad vaccines and a third lot, the dialysed 
ammonium sulphate precipitates of these vaccines. (For the meaning 
of good ” and “ bad ”, see above.) The results of the tests are 
given below. 

(/roup 1 : 

( Primary stimulus—mgm. ot chaiivoei toxin (S.(\) 
subcutaneously. 

Secondary stimulus—2 5 c.c. of good or bad vaccine 
sul)cutaneously. 

5.1.d4: S.(\ toxin injected. All animals developed a swelling with 
reddening and G died. 

25.1.34: G guinea-pigs bled and the sera pooled; 0*1 c.c. of serum 
did not mutralize 1 M.U.l). of toxin 211. Two-guinea 
pigs each received 1 M.RI). of toxin 29; both reacted. 

2G.1.34: Half ot the group received the good vaccine and the other 
half the bad vaccine. 

5.2.34: The guinea-pigs of each sub-group were bled and sera 
pooled; 01 c.c. of serum was titrated against toxin 29. 
From 3 to G M.li.l). were neutralized by the serum of 
the ” good vaccine ” group and 2 to 3 M.R.D. by the 
bad vaccine. group. Each guinea-pig now received 
intradermic injections ot toxin 29, 1, IJ, 2, 2i, 
and 5 M.R.l). There was no significant ditt'erence as 
groups: most animals resisted 2 M.R.l). and some 
5 M.R.D. If a difference was to be read into the 
reactions, it was in favour of the ” bad vac(*ine ” group. 

Group 2: 

Scheme, l^rimary and secondary stimulus—good or bad vaccine. 
5.1.34: Guinea-pigs received subcutaneously 2*5 c.c. of vaccine. 

25.1.34: Animals bled as sub-gix)iips and sera pooled; 01 c.c. of the 
“ good ’’ sera almost neutralized 1 M.R.D. of 29 toxin 
and 0*1 c.c. of the ‘‘ bad ” sera gave a doubtful reaction. 
Two guinea-pigs from each sub-group which received 
1 M.R.D. of 29 toxin reacted. 
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26.1.34: Vaccine re-injected into the giiiiiea-pif^s (2*5 c.c.). 

5.2.34: Animals bled as wsub-groups and 01 c.c. of serum tested 
against 29 toxin; between 2 and 3 M.Tl.D. were 
neutralized by the bad group serum and 3 to 4 
M.ll.D. by the ‘‘ good group ” serum. The four guinea- 
pigs of each sub-group now received 1, 1J and 2 M.ll.D. 
of 29 toxin intraderiiiically. Three of the “ bad ’’ lot 
roiuded to 1 M.ll.D. and one doubtfully; two of the 
“ good V lot reached to 1 M.ll.D., one resisted 1 M.ll.D. 
and reacted doubtfully to 2 M.ll.D. and the fourth 
guinea-pig reacted doubtfully io 1 and 2 M.ll.D 

(jrovp 3. 

{ Primary and secondary stimulus—the dried dialysed 
ammonium sulphaie precipitates of the bad and the good 
vaccines. The same volumes of anacultures were 
precipitated. The yield of x>owder from the good vaccine 
was 6 gm. and of the bad vaccine O f) gm. 

9.1.34: Guinea-pigs received, subcutaneously, 40 mg. of dry 
vaccine. 

25.1.34: Animals bled as sub-groups and sera pooled; 0*1 c.c. of 
the bad ” sera partially neutralized 1 and 1^ M.R.D, 
of 29 toxin and 0*1 c.c. of the “ good sera did not 
neutralize 1 M.R.D. Two guinea-pigs from each group 
w^ere tested intradermically, with 1 M.ll.D. of 29 toxin— 
the two bad vaccine animals partially resisted this 
amount and the good vaccine guinea-pigs did not. 

26.1.34: Re-injections of vaccine (40 mg.) carried out. 

5.2.34: Guinea-pig bled as sub-groups and sera pooled; 01 c.c. 

titrated against 29 toxin. The “ bad sera neutralized 
5 M.R.D. and the ‘‘ good ’’ sera 1 M.ll.D. On testing 
each animal with toxin intradermically, one of the 
“ bad group resisted 2 M.R.D., another doubtfully 
2 M.R.D. and the third doubtfully 1 M.ll.D.; not one 
of the four animals of the “ good group resisted 
1 M.R.D. 

Comment ,—The results of this experiment are unsatislactor^. 
Apparently, the primary stimulus of toxin (Group 1) produced such a 
high basal immunity that the relatively weak antigenic vaccines did 
not stimulate the production of antitoxin to an extent sufficient for 
differences to be shown up. Tw^o injections of the anacultures (Group 
2) showed up no significant differences in antitoxin production. A 
significant difference was got when the dialysed ammonium sulphate 
precipitates of the good and the bad vaccines w^ere used, the bad 
vaccines stimulating the production of more antitoxin than the good 
one. The reason for this lies probably in the yields of dry powdei 
obtained. Although equal volumes were precipitated, the weight of 
the bad ’’ dry vaccine was ten times less than that of the good. 
Thus, the probability exists that, as equal amounts of each dry vaccine 
were injected, 10 times more “ bad ’’ than “ good ’’ antigen was 
administered. However, no indication was got that an anaculture 
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which immunized sheep well against the inoculation of culture 
stimulated the production in guinea-pigs of more antitoxin than did 
an anaculture which immunized sheej) badly. 

Experiment 2. 

Four vaccines were cliosen on the basis of their having produced 
bad, fair, fairly good and good immunity (to culture) in slice]). Into 
4 groups of guinea-pigs, these vaccines were injected (2 5 c.c. sub¬ 
cutaneously, twice, at 21 days’ interval). Ten days after the second 
injection, the animals were bled as groups and each individual tested 
intraderniically with toxin. Significant ditferences were not got. 
Further, 4 groups of .4 sheep each (12 sheep in all) received subcu¬ 
taneously 0*0 c.f. of one or the other vac(*ine (twice at 10 days’ 
interval). Ten days after the second injection the sheo]) were then 
bled as grou])s, Iheir sera pooled, and titrated against toxin 27, inlra- 
dermically in guinea-pigs. The results of these titrations and of the 
final immunity test with culture are given in Table 12. 

Tahlk 12 


The Amount of Antitoxin Produced by Sheep after Two Svhcntaneou.s 
/njection.s of Bad, Fair, Fairly Good and Good Vaccines. Also 
the resistance of these Sheep to the i.vi. Inocvlation of Cvlhire. 


Sheep. 

13 12 34. 

! 

1 

29, 12 34. 

8/1/35. 

(iroiip 

serum 

pooled 

0 1 c.o. 
neutra¬ 
lized 

27 toxin 
M.R.l). 

Resist 

1 )oHe 
c.c. 

16/1,735. 
a nee to culture 
i.m. 

Result. 

Ihid \aecine — 






37()()() 




2 0 

1 24 hr. 

:mo:\ 



I-U 

2 0 

-I Txl. 

MTU 




2 0 

-i o/n 

Fair vaccine — 






37877 

o 

o 


6 0 

Laiiieoedemn.L 

38183 

x 

X 

4 

6 0 

+ o/n. 

38188 

.s 



4 0 

I- 3 d. 


'o 

"S 




Fairly good vaccine— 

> 

> 




38189 




2 0 

L. 

38196 

o 

o 

o 

<2 

2 0 

L. 

38198 

8 

O 


4 0 

L. 







G'ood vaeciiie— 






38212 




40 

L. 

38214 



10 

6 0 

L. 

38216 




4 0 

L. 

Controls to culture injection— 






34732 




0 2 

-f o/n. 

34721 

1 



0 1 

4- 20 h. 


(4-=diod, L=Iivpd, hr.=hours, d=day8, o/n~overnight.) 
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It only the good and the bad vaccines had been used, the result 
of the test would have been considered highly satisfactory; 01 c.c. 
of the bad ’’ serum neutralized only 1 to li M.R.D. of toxin aii<l 
uot one of the d sheep was immune to 20 M.L.I). of culture whereas 
01 c.c. of ‘‘ good ’’ serum neutralized 10 M.K.U. of toxin and the 
sheep resisted 40 to CO M.L.U. of culture. However, the introduction 
of the fair and fairly good vaccines shows that a correlation between 
the ajnoimt of circulating antitoxin and the amount of culture 
resisted does not exist. The pooled serum (0*1 c.c.) of the shee]) 
immunized with the fairly good vaccine did noi neuiralize 2 M.Ii.l). 
of toxin (and, from the intensity of the reaction, ])robably would not 
neutralize 1 M.li.U.), yet the sheep withstood 20 to 40 M.L.I). of 
culture. It should be stated that the values ('* good bad 

etc.) i)laced upon the vac.cines were arrived at from the results of a 
preliminary culture immunity test on vsheejj. Further, the reason 
why the same amount of culture (see Table 12) was not inoculated 
into each sheej) was because it was anticij)ated that the antitoxin 
titration would run jiarallel to the culture-resistame iesL 


Experiment 

If immunity to CL chanvoei culture depended on the ]>reseuce 
of circulating antitoxin, them one could, with justification, assume 
that the amount of antitoxin a formol-toxoid (anaculture) l>ound 
would bear u relation to the immunity producjed by it. Attempts 
to ascertain the total-antitoxin-combining-power (T.C.P.) of liquid 
toxoids were not altogether satisfactory, because, in many cases, too 
little antitoxin, to allow of accurate results, was bound. However, 
by using dialysed ammonium suljdiate preci 2 )itates, values could 
be ])laced on the toxoids. The 'technique wms as follow\s. The Lj* 
of a dry toxin was accurately established, and this toxin and the 
antitoxin were used throughout the tests. The dry toxoid, dissolved 
in saline, was left in contact for one hour at room temi)erature 
with a certain amount of antitoxin. Thereu[)on, to a series of tubes 
containing this mixture, frai tions of an Lr dose of toxin were added 
and after a further half-hour at room tem])erature, the toxoid-anti¬ 
toxin-toxin mixtures Were injected, intradermically, into guinea- 
jugs. In a typical titration, those mixtures containing small amounts 
of toxin jiroduced no reactions, whereas those with larger amounts 
did so. Knowing the Lr of the toxin, a sim])le calculation showed 
how much antitoxin the toxoid had bound. Further, knowing the 
volume of toxoid originally precipitated and the weight of the dry 
powder, one could calculate the amount of antitoxin that 10 c.c. 
of liquid toxoid would bind. In the first half of this experiment one 
lot of sheep received, subcutaneously, 5 0 c.c. of anaculture, 86 C, 
and the other lot 5 0 c.c. of anaculture 87. Ihe details of the test 
are given in Table 13. 

Toxoid 86 C bound more antitoxin than toxoid 87 and stimulated 
the formation of more antitoxin in vivo. However, the immunity 
test with spores allows of no conclusion being drawn. All the sheep 
survived the test. 
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(L=lived, +=:died, o/n=overnight, h^hours, neiit.=-neutralized, T.(\P.=total antitoxin-coml ining-pouer.) 

The toxoid was injected subcutaneous!}, and the toxin tolerance and the ‘^eruni neutralization le.-ts earned out 3 x’eek'^ later. TLe resistance to 
activated spore test wa'^ carried out after a further 10 days. 
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Experiment 4. 

The details of this test are given in Table 14. It was carried 
out as noted under Experiment 13, with the difference that culture, 
instead of activated spores, was used to test imniunity. 


Table 14. 


Expertment to Ascertain if there is a Correlation between the T,C.F. 
of a Toxoid, the Tolerance to Cnlttire of Sheep Immunized with 
it and the Amount of Circulating Antitoxin in the Sheep, 





No.M.H.D. 





37 L toxin 

Hesistuncc to 

Toxoid. 

Sheep. 

Value of toxoid. 

neutralized 
by 0 • 1 c.e. 

culture c.e. 




serum. 


88 

36881 

38934 

38937 

38940 

1 0 c.e. of liquid toxoid 
bound 0 0005 c.c. of 
A.T. 38212 

y 1 

1 

V 1 

H 

O f) L. 

1 OL. 

0-5 L. 

1 OL. 


38881 


<:1 

0 5 L. 

89a 

40241 

41000 

Ah 88. 

>11 i 

1 OL. 

0 5 L. 


41092 



1 0 L, 

91 

41008 

41028 

41112 

41131 

1 0 c.c. of liquid toxoi4 
bound 0 00016 c.e. 
A.T. 38212. 

<1 

<1 

<3 

<1 

1 OL. 

0 5 L. 

2 0 L. 

2 OL. 

Ooiitroln 

1 

41022 

41047 

• 

<.1 

<1 

0 1 1- o/n. 

0 25 H 24 hr. 


(See notcB under Table 13.) 

The results do not indicate that there is a correlation between 
the amount of circulating antitoxin, the T.O.P. of the toxoid and 
the amount of culture borne by the shee]L Toxoid 91 bound al)out 
one-third of that of'toxoid 89a, circulating antitoxin was not demon¬ 
strated in the immunized sheep, yet these sheej) resisted 5 to 20 
M.L.D. of culture. It is realized that all the sheep resisted the 
culture inoculation and thus a true comparison cannot be made. 
However, some /years’ experience with toxoids as noted in Table 14 
has shown that it is unusual to find them immunizing against more 
than 20 M.L.D., the usual amount being between 2 and 10 M.L.D. 

Expeiiimenj’ 5. 

To be certain of having toxoids of widely differing values 
(T.C.P.), a liquid formol-filtrate was used in the'following manner. 
Sheei) received, subcutaneously, 5*0 c.c. of the toxoid, unheated, 
heated ((50^ C. half-an-hour), boiled (95^ C. half-an-hour) and auto¬ 
claved (120^ C., 15 pounds pressure, half-an-hour). The T.C.P. was 
worked out in the manner described. Table 15 records the experi¬ 
ment. • 
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Table 15. 

The Correlation hetwee/n the T.C.l^, of Toxoids and- the Production 
of Antitoxin hij, and the Besisiance to (^nlinic of Sheep 
Immunized with them. 





No. M.H.D. 


Toxoid. 

Sheep. 

V'ahic of toxoid. 

37 L toxin 
neutralized 
by 0 1 c.c. 

Hcsistance to 
culture c.c. 




scrum. 


Not heated 

30354 

1 0 c.e. bound 0 0005 

<1 

0 5 oed. L. 


41099 

c.c. A.T. 38212 

<1 

1 0 ocd. L. 


! 40949 


? 1 

■2 0 + ry (1. 


41058 


<1 

4 0 -1 2 d. 

Heated (»()'' (*, 

40945 

1 0 c.e. bound 0 0(K)1 

? 1 

0 5 L. 

J hour 

40993 

c.c. A.T. 38212. 

<1 

1 OL. 

40729 


<1 

2 0 + 5 d. 


1 410.50 



4 0 L* 

Heated 9.5 

41087 

1 Oc.c bound <0 0001 

' 1 ! 

0 5 i 2 d. 

1 hour 

41097 

e.e. A.T. 38212 

1 

1 OL.* 

409.59 


1 

1 0 + 1 d. 


40976 


<1 

2 0 |- o 11 . 

Autocluv€‘d, 

41063 j 

As 95 C. toxoid. 

• 1 

0 5 -j 2 d. 

i hour 

1 41020 j 



10+2 d. 

1 39652 


'1 

1 0 f- 0/11. 

1 

! 40514 


:l 

2 0 - 1 - o n. 

Controls 

41125 


1 

01 1 J (1. 


41103 


< 1 

0 25 + 1 d. 


(L= lived, —died, d = day.s, oed.= 0 (,*d('ma.) 


* Sheep 41050 und 41097 had oedema of the leg (the site of inoeulatioii) down to the 
fetloek. the skin was bine in plaees and a haemorrhagic fluid exuded from the skin. (Vireful 
nursing prevented their death. 

The sheep received 5 0 c.c. of toxoid subcutaneously,tin* serum neutralization test was 
don(' 2! days after and the culture test 2 days after this. 


The results ^-iveu in Table 15 show that the antitoxin-binding 
power of a toxoid has no bearing' on its ability to inmiuiiize sheej) 
against the inoculation of culture. The heating of the toxoid at 
60® C. reduced its binding ])ower 5 times, yet its immunizing power 
(to culture) was not altered. Further, it is of definite signifii'ance 
that sheep 41087, 41063 and 41020 died after 48 hours and that 
sheep 41097 survived. A dose of (M c.c. of culture killed a control 
animal in 24 hours; 5 to 10 timcvS this amount would kill, with 
certainty, overnight. Unfortunately, the antitoxin lu'oduction, even 
by the unheated toxoid, w’as so feeble that a comi)arison ctaiinot be 
made. The experiment indicates that, in Cl. chauvoei forinol- 
filtrates, there is an antigen much more stable than toxin capable of 
immunizing against culture. (It will be recalled that toxin is 
destroyed after half-an-hour’s heating at 60® C.). 
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Eicperivient 6 . 

In this experiment, the L strain of 67. chavvoei was used. As 
previously stated, this culture, as originally received, was nearly 
non-pathogenic for guiiiea-})igs but by passing it through guinea-pigs 
(culture activated with adrenalin) a virulent strain was obtained. 
Toxin was made from a 3(i hours’ culture of the avirulent and of tlie 
virulent strain. Toxoids were made from each by adding 0-4 per 
cent, formol and incubating for 48 hours. The T.C.P. of the toxoids 
were established, sheej) received iVO e.c. subcutaneously, were bled 
21 days later and 2 days later still were tested with culture. Table 16 
records the results. 


Taiile 16. 

The Correlation between M.L.T). and Lr of the Original Toxin, the 
T.C.T. of the Formol-foxoid Frodveed from it, the Amount of 
Antitoxin formed in Sheep mto which the Toxoid is Injected 
and the amount of Culture Resisted hij the Sheep. 


Toxoid. 

M.K.l). 

toxin. 

**Lr toxin. 

Value of toxoid. 

Sheep. 

No. 

M.R.T). 

37 L 
toxin 
neiit. by 

0 1 c.c. 
serum. 

Resist¬ 

ance 

to 

culture 

M.L.l). 

1 

From avirulent 

’0-1 c.c. 

i 

<0 0003 c.c. 

1 0 c.o. l«)und 

1 

41510 

1 

<1 

fl + 2 d 

culture 



0 0001 c.c., A.T. 

41054 

<1 

10 + 2 <1 




38212 

41513 

<1 

20 L. 




• 

41521 

<l 

201.. 

From virulent cul¬ 

at least 

>0 00.3 c.c. 

1 0 c.c. bound 

41527 

<1 

10 4- 2 d 

ture 

001 c.c. 


0 0045 C.C., A.T. 

41534 

? 1 

20 + 1 (1. 




38212 

41500 1 

>4 

30 + 1 d. 





41088 < 

>4 

1 

40 L.* 


(-f*—died, L=-lived, d days.) 

* The leg of this sheep was oedematous, the skin blue and oozing a haemorrhagic fluid. 

Liquid toxin used ; test dose=0 2 c.o.; the figure given is the amount of antitoxin 38212 
required to neutralize this amount. 

The results show that there is no correlation between the anti¬ 
toxin-binding value of a toxoid and the resistance to culture produced 
by it in sheej). The toxoid from the virulent culture bound 45 times 
more antitoxin than that from the avirulent, 3 of 4 sheep had 
demonstrable circulating antitoxin, yet (although the doses of culture 
inoculated are not exactly the same) the sheep were no more immune 
to culture than those into which the “ avirulent toxoid was 
injected. 


Experiment 7 

In Table 13 (experiment 3) it is shown that toxoid 86 C, 1*0 c.c. 
of which bound 0*0008 c.c. of antitoxin 38212, stimulated the forma¬ 
tion of more antitoxin, in sheep, than toxoid 87, 1*0 c.c. of which 
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bound 0 0004 c.c. of Uie same antiloxin. Also in experiment 6, it 
is shown that the toxoid of the virulent strain ])oun(l 45 times more 
antitoxin than that of the avirulent strain and stimulated the forma¬ 
tion, in sheep, of more antitoxin. In the exi)eriment now to be 
noted, 3 precipitated toxoids were used. Their T.C.P. were estab¬ 
lished, ^>uinea-i)i^‘s rec'cived 2 injections (200 ni^*. each time) sub¬ 
cutaneously (23 days’ interval), their pooled sera (as ^ 4 rou})S) titrated 
for antitoxin 14 days after the second injection and three days after 
this, all guinea-pig's received a lethal dose of toxin intravenously. 
The object was to ascertain if there was a correlation between the 
binding-value of a toxoid, the amount of antiloxin ])rodiiced, and 
toxin tolerance. Tal)le 17 records the results. 


Taule 17. 

77/c Corrvhiiioii between the T.C.l\ of a Towoid, Antitoxin 
Format ion and To,nn Tolerance, 


Toxoid, 

* Value. 

No. M.L.I). 

37 L toxin neiil 
by 0 1 c.c. 
pooled seruin. 

Toxin (37 L) 
(oleranet* 

1 M.L.I). 

90 autoclaved 

<C0 0001 c.e. 

<1 

4 -h 1 L. 

91 

0*0001 c.c. 

<1 

3 J 1 L. 

46 

0 0036 c.e. 

6 

0 1 6 L. 


( } -dioci, L lived.) 

* Value 20 mg. toxoid bound the amount of antitoxin 38212 noted. 

This experiment proves that the total-antitoxin-coinbining-value 
of a toxoid is closely bound wdth the amount of antitoxin stimulated 
into formation ajul with the toxin tolerance of animals immunized. 


Experiment 8. 

This experiment concerns the produ(*tion of immunity in sheej) 
with oedema fluid, the so-c alled natural aggressin. It is well known 
that the oedematous fluid produced by inoculating CL rhanvoei into 
cattle, is a powerful immunizing agent. 

In this experiment, oedema fluid was collected from a number 
of sheep, just dead from experimental black quarter. After filtration 
though a Berkefeld N candle, an attempt was made to carry out a 
binding-])ower test. No antitoxin was bound. The dialysed 
ammonium sulphate precipitate bound no antitoxin. No antitoxic 
property was detected in the fluid. How^ever, as was to be exjiected, 
both the oedema fluid and its precipitate immunized sheep—of 8 
sheej) which received the one or the other material, fwo withstood 
5 M.L.I). of culture, three 10 M.L.I)., one 20 M.L.l)., one died 
from 20 M.L.D. and one from 10 M.L.I). 
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Ewperlinent 9. 

At ihe time this experiment was started, it was known that boiled 
bacilli produced a solid immunity, that heated toxoid produced a 
certain dej^ree of immunity and that the binding powder of a toxoid 
and the amount of circulating antitoxin in an animal had no. 
conne(ition with the amount of culture that would be borne. It 
was difficult to ai)portion to the toxin (or its atoxic modification) and 
the heat stable antigen in a toxoid their resi)ective antigenic values 
but the indications were that the heat stable fraction was the more 
important. Therefore, an attempt wUvS made to titrate the stable 
antigen. The bacilli from 25 litres of a 24 hours’ culture were 
obtained. The culture w^as passed through a pulp, the pulp soaked 
in a small volume of saline and the bacilli squeezed out in a press. 
The bacilli w^ere then washed by s])inning three times (with changes 
of saline solution) at 4,000 revolulions per minute. The dense 
washed suspension, 200 c.c. in amount, was frozen ( - 15° C.) and 
thaw^ed (20°~26° C,) 5 times in 5 days, and spun until clear. A 
slightly opalescent fluid Avas obtained. No reaction was produced 
when 0*1 c.c., in 0*0 c.c. of 1/100 adrenalin, was injected, intra- 
derraically, into guinea-])ig8 nor did 0-5 c.c. kill a mouse on intra¬ 
venous injection. The fluid was fanned down to 80 c.c. Of this 
0*2 c.c. produced no reaction in a guinea-pig, nor did 0*5 c.c. kill 
a mouse. Eeduction with sodium hydrosulphife did not produce 
a reacting or toxic product. No antitoxin-binding-power could be 
demonstrated. Using an antitoxic serum (88212) no specific precij)i- 
tation could be shown up. This antitoxin i>robably contained i)lenty 
of the antibody to the heat stable antigen. No ])recipitation w^as got 
on mixing the fluid with sera produced in shee]i by injections of 
boiled bacilli. 

An immunity test was carried out in sheep. One lot of sheep 
received ihe suj)ernatant fluid, and the other lot tlie supernatant 
w’hicdi had been boiled for 2 hours. 

No precedent existed for the amount of culture that a sheep 
immunized with supernatant fluid w^ould withstand. Thus, it is 
possible that sheep 41528 and 41555 w^ould have survived more than 
2J and 1 M.L.D. respectively. Further, since one injection produced 
a solid immunity, the testing of the immunity after 2 injections was 
not carried out. One injection of the boiled supernatant did not so 
immunize 2 sheep that they withstood 2| and 1 M.L.D. of culture 
respectively. However, 2 injections produced a solid immunity. One 
injection of neither antigen stimulated the formation of antitoxin; 
two stimuli wuth the unboiled supernatant led to the formation of a 
considerable amount of antitoxin but with the boiled material, two 
injections did not have this eifed. 

Thus, from this experiment one may infer the presence, in the 
fiozen and thawed supernatant fluid of a washed CL chauvoei 
suspension, of two antigens, viz., one w^hich is heat labile and capable 
of stimulating the formation of antitoxin and the other, heat stable, 
incapable of inducing the formation of antitoxin but capable of 
immunizing sheep against culture. The possibility exists that the 
beating of the antigen destroyed some of the heat .stable material. 
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It is to be noted that although unheated supernatant stimulated anti¬ 
toxin formation, no toxin or toxoid was demonstrable in it by the 
T.C.P. titration. An absolutely satisfactory explanation for this can¬ 
not be given. It may be that the amount of antigen was too small to 
allow of its being detected by the method of test. Some little support 
for this is offered by the fact that after one injection, not a trace of 
antitoxin was detectable in any one of the four sheep. 


DISCUSSION. 

The results presented in Part I, prove that, in the filtrates of 
18 to 24 hours' cultures of Cl, chauuoei, a toxin is present. This toxin 
has been demonstrated on previous occasions, in particular by Kojiina 
and by Kerrin, but their method of titrating it, viz. the intravenous 
injection of mice, was, in the writer's opinion, unsatisfactory. When 
from 0-1 c.c. to 0*5 c.c. is necessary to cause death in mice and when 
death may occur in a few seconds or minutes, great difficulty is 
experienced in conducting neutralization tests. The iiiiradermic! 
titration method in guinea-pigs, using dried dialysed ammonium 
sulphate precipitates, allowed of the obtaining of a satisfactory 
minimum reacting dose and further, a conveniently sized test dose, 
containing 5 to 10 reacting doses, could be used. However, satisfac¬ 
tion was not obtained until adrenalin was added to the toxin or the 
toxin-antitoxin mixtures. The effect of this substance appeared to be 
the localization of the toxin in the tissues for a' time sufficiently long 
for it to produce visible damage. Without it, the toxin caused an 
early-appearing intense reddening of the dermis, this disappearing to 
a greater or less extent in a few^hours, so that after 18 or 24 hours, 
only a red flush marked the site of injection. With adrenalin, the 
reaction was clearly readable as an intense red mark. That this toxin 
was the produ(‘t of CL chauvoei was shown by its being neutralizable 
by homologous antitoxin. The specificity of the toxin is not detracted 
from because the sera of some normal rabbits and bovincs were able 
to neutralize a few M.ll.D. Weinberg and his colleagues have 
already noted this fact. It is possible and even probable that in the 
case of bovines their antitoxin is the result* of stimuli with 
CL chauvoei but with rabbits this explanation can hardly be invoked 
since guinea-pigs, living under the same conditions do not develop 
antitoxin. However, it is difficult to understand why bovines receive 
stimuli and sheep do not. It may be that it is an inherent 
characteristic of the animal to produce antitoxin and not the effect 
of specific stimuli but this, it is agreed, is merely a hypothetical state- 
irjent and not an explanation. 

Weinberg has insisted for many years that CL septicnrn anti¬ 
toxin may neutralize Cl. chauvoei culture. The results presented 
confirm this, in as much as septicum antitoxin neutralizes chauvoei 
toxin and sheep may be solidly immunized against CL chauvoei 
culture by the use of septicum antigens. 

Whilst a haemolysin was demonstrable in filtrates, it was Uwsually 
of low titre, whereas other workers, for example Kerrin, obtained 
much higher values. Possibly this is to be explained by the use of 
different media. However, the writer could not show that the 
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haeinolysin was the same as the toxin—more antiserum was required 
to neutralize the same volume of lysin as toxin. However, it is 
admitted that the same attention was not ^ariven to the study of the 
lysin as of the toxin. 

The study on the production of immunity was disai)pointing 
because a melhod of titrating antigens apart from their 
immunizing power was not obtained. The writer had the pre¬ 
conceived idea that the toxin (or toxoid) of 67. clumvoei would be, 
in great measure, responsible for the production of immunity. If 
s\ich were the case the filtrate or toxoid binding most antitoxin would 
produce the strongest immunity. Experiments showed that the 
total-antitoxin-binding-value of a toxoid had a direct bearing on the 
amount of antitoxin ])roduced in an animal into w^hicdi it was injected 
but was not correlated with the resistance ])roduced to living culture. 
Boiled, washed 67. chauvoei which bound no antitoxin ])roduced a 
high degree of immunity in sheep when they w^ere tested with culture, 
but no antitoxin was demonsirable nor were the sheep resistant to 
toxin injected intradermically or intravenously. Thus one could 
conclude that two antigens w^ere involved in the production of 
immunity, one a heat labile toxin and the other a heat stable antigen. 
Basset (1925^) pointed out that the healing of formol-toxoids at 
00® C. for one hour did not destroy their antigenic value and A'iljoen 
and Scheuber (1920) found that artificial aggressin (filtrate) does 
not lose all of its immunizing value even when exjmsed to 95® C. 
for half-an-liour. Kamou (1928), A"an (lerderen (19311) and Povitzky 
(1935) show that tetanus and diphtheria toxoids may be heated at 
60® C. to 70® (\ without demonstrable loss in immunizing value. 
This has been borne out in the ])resent investigation with 67. chauvoei 
formol-toxoids. Heating at 00® C. for half-an-hour had no detrimen¬ 
tal effect on immunity production and even boiled toxoid had a slight 
immunizing value. As toxin and toxoid after half-an-hour at 60® C. 
bind no or only a trace of antitoxin, it would appear that the heat 
stable antigen is of great importance in the production of immunity 
to 67. chauvoei. Lourens (1935) expressed the interesting view that, 
as the old spore vaccines for black quarter were made from heated 
infected muscle, the immunity i)roduced was due to the aggressins 
in the dry jmwder. The present work would tend to confirm this 
view. The relatively small number of killed germs in the dry 
muscle powder would hardly be sufficient to set ii]) immunity and 
it is a very moot point if the immunity was due to the in vivo 
germination of an odd, so-called attenuated sjmre. 

Finally, the virulence of a Cl, chauvoei culture need not neces¬ 
sarily have a bearing on the antigenicity of a formol-filtrate ])repared 
from it. The immTinity produced by the toxoids of a virulent and 
of a relatively aviruleiit culture of the same strain was of about the 
same order. This is supported by Haslam and Lamb (1919) and 
Graub and Zschokke (1910) who stated that the immunizing power 
of filtrates was independent of their toxiedties. 

It would appear that no finality can be reached on the })roduction 
of immunity to Ch chauvoei until a method is devised for titrating 
the heat stable antigen and the antibody produced by it. Since 
(1) antigens, such as boiled bacilii and heated toxoids free from 
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demonstrable toxin or toxoid can produce a high degree of immunity 
to culture, (2) since there is no correlation between the antitoxin- 
binding power of an antigen and its ability to produce resistamsje 
to culture and (3) since the absence of circulating antitoxin is ;no. 
indication of the inability of an animal to resist culture, it is probable 
that the heat stable antigen is the important one. 

Until toxin (aggressin) or toxoid free from the heat stable 
antigen is obtained, one cannot say whether it plays any part in the 
production of immunity to the inoculation of living culture or to 
the natural disease. 

Although the writer has gained the impression, from a study 
of the literature, that many w’^orkers suspected the presence of a 
heat stable antigen, credit must go to Henderson for having so 
clearly shown that the antigen in boiled bacilli is such a 2 )owerful 
immunizing agent. 


CONCLUSIONS. 

(1) In culture filtrates of 67. chauvoci two antigens have been 
demonstrated (a) a toxin, and (b) a heat stable antigen. The toxin 
can best be demonstrated by injecting filtrate intradermically into 
guinea-pigs, particularly if adrenalin is incorporated in the filtrate. 
The presence of the heat stable antigen is ])roved if toxin-free 
(heated) bacilli are injected into sheep; after a suitable interval 
these are immune to the inoculation of living culture. 

(2) The toxin, or its atoxic modification, stimulates the forma¬ 
tion of antitoxin when injected into animals, whereas the heat stable 
antigen does not do so. 

(3) The toxin is neutralizable by homologous antitoxin, by 
Cl. septicurn antitoxin and to a slight extent by the sera of some 
normal bovines and rabbits. 

(4) The toxins of four different strains of Cl. chavvoei have 
been found to be indistinguishable serologically. 

(5) There is no correlation between the amount of circulating 
antitoxin in an animal and the power of the animal to resist the 
inoculation of living culture. 

(G) There is a correlation between the amount of circulating 
antitoxin in an animal and its power of jesisting toxin, injected 
intravenously or intradermically. 

(7) The evidence points to the heat vstable antigen being the 
important one in the production of immunity to Cl clianvoei culture. 
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Chemical Studies upon the Vermeerbos, Geigeria 
Aspera Harv. I. Isolation of a Bitter 
Principle “Geigerin.” 


By CLAUDK BlMlNCiTON and U. C!. S. IIOKTS, Section of 
Chemistry, Ondeistepcxyft. 


VKHMKF.nsjKK'jK or disease of sbeej), has been known 

ior some considerable time. Accordino* to Steyn (19'{4) the first 
record of the disease was due to Brandford in 1877, but it was not 
until 1928 that definite jiroof was torthcomino* that its occurrence 
i> due to inf>estion of certain species of tlie composite Geigeria. In 
this year, du Toit (1928) reported that vomiting was produced by 
the experimental feeding of infusions of Geigeria pn^sacrinoidei^. \.o 
a cow. In addition, exjieriments carried out at Uonderbosfontein 
in 1923 had definitely sliown that sheoj) grazing on veld (denied of 
everything but Geigeria passerinoide.n would contract the disease. 
A sufficient amount or (ioinjentration of feeding appears to be 
necessary; the individual sus(*eptibility of animals also varies between 
wide limits. 

Prior to this successful experiment, numerous negative results 
had been obtained by officers of the llesearch Division and by others 
(for details see Steyn, ]{)34). 

Vermeersiekte has beeji responsible for very heavy losses of 
sheep in certain seasons. Thus in 1930, in a sniiill area of (Tri({ua- 
land West, conijirising about 20 farms, over fifteen thousand sheep 
were lost within three months from vermeeisiekte (Steyn, 1934). 
The i>arts of the country most affected are the North-Western (hipe 
Province, (Tri(jualand West, Western Orange Free State and certain 
parts of the South-Fastern Transvaal, but heavy losses from vermeer¬ 
siekte are also sustained in South AVest Africa. The plants concerned 
are all species of the (ieiius Geigeria^ and experimental work has 
shown that of these, Geigeria aspera Harv. is the most ])oisonous, 
Geigeria passerinoid>es Harv. only about one-tenth as harmful, whilst 
Geigena> Zeyheri. Harv. and Geigeria pectidea Harv. occupy an inter- 
mecliate position, although as |>reviously mentioned, (listrict and 
season api)ear to influence the toxicity of the i)lants. Tt has definitely 
been shown that toxicity is greatest in the pre-flowering stage and 
is much reduced after heavy rain has fallen. Concerning the stability 
of the toxin on storing, some doubt still remains. 

Prior to the j)re8ent work, nothing was known concerning the 
chemical nature of the active principle. 
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The action of the plant appears to vary somewhat and Steyn 
(1930) has divided vermeersiekte into four different forms, namely: — 

(a) The vomiting* form. 

(/>) The form in whi(di hoven is the most outstanding symi)tom. 

(c) The stiff form, 

(d) The paralytic form. 

Different species of animals are affected usually in different 
ways, but an animal may exhibit at the same time one or more of 
the above forms of the disease. The cause of death may be either-- 

(a) asphyxia caused by as])iratiou into fhe lungs of large 
amounts of vomited ruminal contents, 

{b) paralysis of the centre of respiration, 

(r) exhaustion caused by the incessant vomiting and diarrlioea, 
or 

(d) heart failure. 

With regard to the cause of the vomiting, two possible explana¬ 
tions present themselves, namely that the affect is a central one, 
the toxic substance causing stimulation of the vomiting centre in 
the medulla oblongata or that the irritation is local u])on the walls 
of the rumen and abomasum, the persistence of the stimulus 
eventually inducing vomiting. The undoubted nervous character 
of the stiff and paralytic forms of the disease .lends su])port to the 
former hypothesis rather than to the lattjer. Post mortem, an acute 
catarrhal gastero-enteritis is nearly always to be observed. 

Rotational grazing combinecj with eradication of the plant is 
the only preventive measure which has so far met with any success. 

In pursuance of the programme of poison-plant research at 
present being carried out at this Laboratory, consignments of 
Geifjerui passerinotdes were obtained in 193ISi from Boetsa]) in (Iriqua- 
land West, but proved to be only slightly toxic. Of the dried, 
ground plant, 4 kilos were required to produce symptoms in a sheep. 
Rabbits were found to'be unsatisfactory as test animals; however, 
by working with sheep it was definitely shown that the active 
principle is not extracted from the plant by cold water or by con¬ 
tinuous extraction with hot petroleum. It is, however, removed b\ 
96 per cent, alcohol and by exhaustive extraction of the jdant with 
boiling ether. 

In 1934, material of Geigena (isfjera was obtained from Vereeni- 
ging and with it the work i)erformed which is reported in the present 
paper. Since the quantity required for a single lethal dose was very 
considerable (in excess of 4 kilos for a sheep) the principle was 
adopted of purifying the toxic ether extract in which a substance was 
present giving a positive reaction with Wagner's reagent and con¬ 
sequently (‘.onsidered to be alkaloidal in type. This substance was 
isolated and shown to be a bitter principle. The yield is very small 
(average about 0*06 per cent, on weight of dried plant) and 
pharmacological tests have shown that it is not the substance produc¬ 
ing vermeersiekte although it does hot seem to be entirely de’^oid of 
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toxi(' pro])ertie8* 15 giu. given to a sheep in three successive doses 
over 2 days was without effect but in tests iij^on cats it proved 
positive, the animals vomiting continuously for about 2 days, after 
^ving received doses of 1 gm. by mouth. These ex])eriments are 
fully reported later in this paper, and would seem to indicate t*hat 
the substance in {|uestion exerts to a slight degree the .same i)harmaco- 
logi(ial acdion as does the vermeersiekte-producing principle. Its 
isolation and chemical exaininafion are re|K)rted in the present com¬ 
munication . 


Isolation oi' tuk Bittkh Pkinclpt^e. 

Working iijxm the hypothesis that the material giving the 
positive iodine reaction was a base, ether extracts of the plant were 
shaken rejieatedly with dilute acid and then, after filtration and 
making alkaline by sodium hydroxide, carbonate or ammonia, the 
aqueous solution was again shaken with ether in the expectation of 
transfering tlie base t(> this scdvent. The recovery, as judged by the 
intensity of the iodine reaction, was extremely jmor. This suggested 
(hat the substance was labile towards alkalis. 

In order to eliminate the use of alkali, an ether extract was then 
shaken with dilute hydrochloric acid, which took out the material 
fairly readily, and this solution then shaken with chloroform. The 
material being sought ])assed at once into the chloroform but not, 
as was expected, as a hydrocdiloride, since on testing the extract it 
was found to be (diloride free. On evaporation of the chloroform, a 
j»ale ^\ellow oil remained in which large rhombic crystals gradually 
apj»eared. The same crystals were dei)osi(ed together with a little 
oil when an etlier extract of the plant was decolorised by charcoal 
and allowed to eva])ora(e to dryness at room tempeiature. By w’ash- 
ing with benzene and then petroleum ether the bulk of the oil 
adhering to the crystals was removed and recrystallisation could then 
be effected by dissolving in chloroform, adding a slight excess of 
])etroleum eth(»r and setting the cloudy solution in the ice chest for 
some ho\us. Such crystals hail a bitter taste and gave a positive 
reaction with Wagner's reagejit but were free fiom nitiogen and 
w^ere therefore not alkaloidal in character. 

The method was gradually imjuoved until finall\ the following 
technique Avas Avorked out Avhich has been found to give consistently 
good results. 

Metiioi) of Isolation. 

The dried, ground plant Avas extracted by ether in a Soxhlet 
apparatus until the soh^ent was no longer coloured. The extract A\’as 
then concentrated until its volume represented aboiit 1,400 c.c. ])er 
kilogram of plant material. This ethereal solution was shaken 
repeatedly in a large separatory funnel with I ])er cent, hydrochloric 
acid until the aqueous phase no longer gave a positive iodine reaction 
or only a very slight reaction. Through the acid solution, about 2*5 
to 3 litres in volume, a stream of air was now drawui until the smell 
of ether could no longer be distinguished. A good decolorising char¬ 
coal (Kahlbaum) 5 to 7 grams per litre of solution, Avas then added, 
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the mixture shaken and filtered into a large separatory funnel. The 
uater-clear aqueous phase was now shaken with small quantities ol 
chloroform until this solvent no longei removed material giving a 
})Ositive iodine reaction. The pale yellow chloroform extract was 
allowed to evaporate, either sj)ontaneously or by blowing over it a 
stream of air until all the solvent was removed. There remained a 
pale, straw-coloured, viscous oil with a pleasantly arom,atic smell. 
On standing, this generally crystallised, but a more convenient pro¬ 
cedure was to boil uj) the oily residue with successive quantities of 
water, deciant these and boil again with a j)inch of charcoal and filter 
whilst hot into centrifuge tubes. Upon cooling, the liquid deposited 
a voluminous crop of beautifully formed large rhombic crystals. 
Crystallisation was c()mi)leted in the ice-chest and the mother liquors 
centrifuged off. They contained a small quantity of non-(U*ystal- 
lisable acidic oily material which was removed by chloroform extrac¬ 
tion and reserved for further investigation. In all, about 150 to 200 
c.c. of water was required to dissolve the chloroform residue from an 
original kilogram of i)laut material. A small quantity of tarry 
impurity insoluble in water was discarded. 

The crystals were washed on the (‘ertifuge by ice-cold water and 
dried in va(‘iio over sul])huric acid. The yield averaged O OG gm. per 
100 gins, of dried Geioena aspera material, but was found to vary 
somewhat in different batches. Thus, in one excei)tional instance a 
yield of 0-248 })er cent, -was recorded, however, the figure was 
generally found to be between 0 05 and 0 10 j)er cent. There was 
some indication that the more toxic batches contained the larger 
proportion of this constituent. 

Properties oi'^the NunsTANCE. 

The material, as isolated, crystallised in large rhombs, often 
grouped together (see Pig, 1). It was colourless and odourless and 
exhibited a double melting point. At 78® partial liquefaction 
occurred but the material rapidly resolidified and when the teinpera- 
liire was raised, melted sharply at 189®. All melting points were 
observed on a Kofler electrically-heated microscope stage. There 
njipeared to be loss of substance at the lower temperature and this 
was confirmed by weighing and elementary analysis. Aj)parently 
1 molecule of water is lost at 78® but regained upon recrystallisatiou 
from aqueous or moist solvents. 

The substance was readily soluble in chloroform and warm 
afjsolute alcohol, sjniringly soluble in ether and insoluble in 
petroleum ether. In benzene and warm ethyl acetate it was slightly 
soluble. 

Recrystallisation is most easily effected from water but was 
successfully accomplished from other solvents as described below. 
Prom determinations it appeared that the difference in solubility in 
water between 100® and 0® is 114 gms. per 100 c.c. and the order 
of solubility at room temjierature is 0*3 gms. per 100 c.c. water. 
Solutions of the substance have an intensely bitter taste which is 
very persistant; its dust irritates the eyes and nasal mucous mem-, 
branes. 
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liecrystallisation from chloroform was accomplished by dis¬ 
solving the material in a small quantity of this solvent, adding 
petroleum ether until a slight turbidity persisted and setting the 
mixture aside in the ice chest. It sometimes happened that crystals 
formed having the melting points 65-70^ and 109^ (/S form) together 
with the typical form melting at 78® and 189® (a form). When 
recrystallisation was elfe(‘,ted from hot ethyl acetate the 13 form pre¬ 
dominated or appeared exclusively. TJi)on recrystallisatioii from 
water, it reverted into the a form melting at 189®. That this 
difference was not due to hydration in the aqueous solvent and 
separation of anhydrous substance from the ethyl acetate was clearly 
proved since, 

(1) the elementary analyses of the two ])rodu(ds were identical, 

(2) the /? form suffered the same loss of weight, (6*4 per cent.) 

as did the a form on heating at 85-90®. It seems, rather, 
to be a case of isomerism. The following investigations 
fully substantiate this view. 



Fig. 1. Geigerin crystallised from water, X63. 

ISOMBIIISM OF THK SUBSTANCK. 

Upon heating some of the « form at 10U° and taking samples at 
intervals for melting point determination, it was found that after the 
preliminary loss of approximately 6 per cent, of substance at 78° 
the residue melted sharply at 189°. One hour later, without further 
loss of weight, the melting point had altered, some crystals melting 
at 106° and some at 189°. Four hours later the weight was still 
constant but the melting point lay between 165° and 175°. In a 
similar manner the heating of the P form for periods of time ext^d- 
ing from ^ to 2 hours yielded mixtures of this and the a form. The 
a form seems to be that more easily assumed. 
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A difference in the optical rotatory power in different solvents, 
as recorded below, offers further evidence in favour of the hypothesis 
of isonierisni. l^efore passing on to these figures, a summary is 
]>i’esented, in the chart above, of additional experiments carried out 
whilst investigating this isomerism. The organic solvents used were 
not specially dehydrated and there are suggestions that the very 
great affinity of the substance for the one molecule of water with 
uhich it crystallises enables it to assume this hydrated state even 
uhen crystallised, for example, from moist ethyl acetate. 

A tendency is noticeable for the /? form to separate from the 
organic solvents (this form also shows the double melting point, 
68® and 169®, water being lost at the former temperature) although 
even from chloroform-petroleum ether, mixtures of a and p forms 
have been obtained and from alcohols of various strengths this is 
usually the case. 


Optical HoTATOKi Power. 


This was determined in different solvents, using either ^ or 
forms, in a Zeiss triple-field instrument with 2 dm. tube. The 
results may be summarised as follows: — 


1. a form from water : solvent absolute alcohol. 


W — 0‘1()10 gm. 
V - 15 c.c. 

0 -- - 0 - 82 ^ 



0-82 X 100 X 15 
2 X 10-1 


- - 60 - 88 ^^ 


2. a form from water : solvent 5 per cent, alcohol. 

W - 0-0508 gm. 

V - 16 c.c. 

0 - - 0 - 38 ^ 

r -I 19 -0-38 X 100 x 16 

L J D 2 X 5-08 

- --59-85°. 


3. p form from ethyl acetate : solvent absolute alcohol. 


W - 0-0523 gm. 
V = 15 c.c. 

0 - -r0-42°. 



-0-42 X 100 X 15 


2 X 5-23 

-60-23°. 
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4, a form from water: solvent chloroform. 

W = 0*0502 gm. 

V = 15 c.c. 
e - -0-285^ 

20 

_ D 

= -42*58°. 

5. i3 form from ethyl acetate : solvent ethyl acetate. 

W - 0*0508 gm. 

V = 15 c.c. 

6 - -0*29°. 

20 -0*29 X 100 X 15 

D 2 X 5*08 

- -42*83°. 

It is clear from the above that no matter whether the starting 
material is the a or /3 form of the substance, it exhibits the same 
optical rotatory activity in the same solvent. Two constants w^ere 
observed, for absohite or dilute alcohol, in the mean -60 32^ and 
for chloroform or ethyl acetate in the mean -42‘71^. 

It is possible that this duality is related to the two isomeric 
configurations the substances may assume and may be an expression 
of keto-enol tautomerism (see discussion later). A similar irregu¬ 
larity of melting point was observed in the case of carolic acid 
(M.P. 112^ and 132^) by Clutterbuck, Eaistrick and Eeuter (1935). 

• 

Elementary Analysis and Molecular Composition. 

Numerous analyses were performed upon specimens belonging 
to the a or jS forms with consequently difiering melting points but 
no difference whatever was observed in composition. All materials 
were nitrogen-free. 


. Microanalysis.* 


Material. 

C. ^ 

H. 

M. W. 

a form crystallised from water, M.P. 78° and 189°. 

64 02 

8 08 

308 

a form ciystallised from water, M.P. 78° and 189°. 

63 99 

7-47 

298 

p form crystallised from ethyl acetate, M.P. 68° and 169° 

64-28 

7-84 

— 

a form heated IJ hours then crystallised from ethyl acetate. 




M.P. 66° and 169°. 

64-00 

7-82 

— 

a form heated 1^ hours then ciystallised from water, then 
reorystallised from chloroform : petroleum ether, 




M.P. 66° and 168°. 

64-0$ 

7*90 

— 

CijHjjOj requires. 

Residue after heating to constant weight at 100°. 

63-84 

7*80 

282 

68-21 

7-89 

—. 

C,|Hgo 04 requires. 

68-19 

7-61 

— 

Loss of weight. 6 -4 per cent. 




HjO on CjjHgjOg requires 6-38 per cent. 





* All microanalyses by. Dr. Backeberg, University of the Witwatersrand, 
to whom we wish to express our thanks. 
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Watej* vaj)Our evolved on was identified by its action in 

restoring the blue (colour to anhydrous cojiper suljdiate. The mole¬ 
cular formula of the substance is therefore tVrJTgoOn HgO. Tests 
carried out for methoxvl CHgO grou])s and dioxy-methylene 
O ^ 

CH.,< gTou])s ])roved negative. The substance was found to give 

‘ 0 

certain colour reactions; these and other i)roj)erties are listed below. 
Since neither bromine water nor bromine in chloroform was decolor¬ 
ised nor i)ernianganate reduced in the cold, the substance would 
appear to be fully saturated, that is to say no ethylenic linkages 


(’ C are ])resent. ft gave no ( 

(\dour 7'(>sfs (tnf{ other Rforitouf*. 

Wagner’s ior)in(‘ reagent. 

Aeid potassium iodide^. 

Phosphotungstie aeid . 

F^ierie acid. 

SiilpFiurie acid, eonet'ntrated. 

»Sulphurie ac'id, 50 per cent. Ity volume 

Sulpliurie aeid added to a solution of the 
substance in acetic anhydride (lAeber- 
mann-Storch) 

Nitric acid. 

Hydrochloric ac id. 


Diazobenzenesiilphonic acid 

Ferric chloride. 

Bromine in chloroform. 

F^otassium [wrmanganafe... 

MoliscFi test. 

Fehlings solution. 


Schiff’s reagent.... 

Ammoniflcal silver nitrate (Tollens)- 


•olour with tetranitromethane. 


Amorphous precipitate. 

Nil. 

WFiite amorphous precipitate. 

Yellow amorphous precipitate. 

Nil. 

(’erise colouration : same absorption .spei-trunr 
as in Fiydrochloric acid. 

Intense transitory crimson colour. 

Nil. 

Bright reddish*mau\e colouration appearing 
slowly at room temp(*ratiire, rapidly on 
warming. This colour though faint, is very 
characteristic. The solution exhibits three 
absorption bands with centres at 643, 606. 
and 466 (see Fig. 2) and has a faint greenish 
fluorescence. 

Nil. 

Nil. 

No deeolorifeation. 

No decoJoriFation in the mid. 

Negative. 

Slight reduction on ]»rolongcd boiling ; more 
marked when material first boiled with 
dilute hydrochloric aeid and then tested (see 
later in te\tl. 

Nil. 

No reduction. 



Fig. 2. Action of HCl upon Geigerin. Absorption spectrum of cherry-red 
solution. Bands at 643 ; 606 ; 466 ni/u. 
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Presence of a Lactone Grouping. 

Although the substance is practically insoluble in cold water, 
it dissolves very slowly in boiling dilute alkali. The action of 
alcoholic alkali is more rapid and was used to demonstrate the 
presence of one lactone grouping in the molecule. Comparative 
resistance of a lactone to aqueous alkali but ready hydrolysis by 
alcoholic alkali is recorded by Hansen (1931) in the case of 
dihydroiso-alantolactone. 28*2 mgm. of material was dissolved in 
5 c.c. of alcoholic potassium hydroxide (0 0804 N), a drop of phenol 
phthalein was added and the mixture immediately back titrated by 
decinormal hydrochloric acid. Alkali neutralised amounted to 
0*25 c.c. There is thus no free carboxyl group present in the 
substance. A further 5 c.c. of alcoholic potash was added and the 
mixture back titrated after standing overnight at 37®. 

5 c.c. ale. KOH is equivalent to 3 65 c.c. of 0108G N hydro¬ 
chloric acid. 

back titration required 3*0 c.c. 

difference 0*65 c.c. 

difference in preliminary titration 0*25 c.c. 

Amount of alkali neutralised by substance = 

0-90 X 1*086 c.c. of N/10. 

= 0*98 c.c. 

Theory for 1 lactone group 1*00 c.c. 

In a second experiment, 28# 2 mgm. of material dissolved in 
5 c.c. of alcoholic potash was left for 1 hour at 37® and then back 
titrated, 1*08 c.c. n/10 was neutralised as against the theoretical 
value of 1*00 c.c. 

A definite excess of acid was then added and after half an hour 
the mixture again titrated. No change was observed, indicating that 
no spontaneous reformation of the lactone ring takes j)lace when the 
free acid is left in solution for this length of time. 


Optical Rotatory Poaver of the Free Acid. 

In preliminary experiments, the rotation was determined of 
the reaction mixture of the material and alcoholic lotassium 
hydroxide before and after acidification. The same ■'lvalue was 
obtained in each case, thus: — 

47*17 mgm. in 5 c.c. ale. potash for 3 hours at 37®. 

Volume made up to 22 c.c. Rotation observed -hd'48®. 

21 +0*48 X 100 X 22 

D 2 X 4*717 

: = + ni-r. 
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In another case, 50 nigin. was left in 5 c.c. ale. potash overnight 
at t‘37^. The solution was diluted to 15 c.c. Rotation observed 
-1“0'70^. A drop of concentrated acid was now added to bring to 
acid reaction but the rotation lernained unchanged. 

20 +0-70 X 100 X 15 

D 2 X 5-0 

- + 105 ^ 

The free acid and its salts are therefore strongly dextrorotatory (see 
preparation of (xeigeric acid, later). 

(\)nsidering the a])ovoinentioned j)roperties of .the substance 
isolated from (j/cif/eria aspera, it is considered that it belongs to the 
class of bitter ])rinciples. No substance with identical ]iroperties 
has been <lescribed in the literature and for this reason it is i)roj)osed 
to assign to it the name Geigerin. 

There is, however, a record of the isolation of a crystalline 
substance frojii Chrpsanthenunii vnierannefoliinn by Thoms in 1891 
(see Klein, 19*3^3) and from the data available it appeared to show 
certain ])oints of similarity with (xeigerin. Thus the melting ])oint 
is recorded as 188-189^ and the formula given as f^ 34 H,i(bo> although 
with some reserve. Moreover the solubilities appear to be very similar 
to those of (xeigerin and this substance, which Thoms designated 
“ Pyrethrosin also gave a reddish-violet colouration on wanning 
with hydrochloric acid. 

Unfortunately, attempts to obtain the journal in which Thoms' 
pai)er appeared were unsuccessful both in South Afri(*a and by 
puHihase from Europe and it would not have been i)ossible to extend 
the c.omi)arisou of the two substances any further had it not been for 
(he kindness Profesvsor Th. Sabalitschka, of the Pharmakologisches 
Inst it ut, Berlin, who very kindly made a copy of Thoms’ article 
(Berichte d. Deutsch. Pharmazeut. (xes. 1, 241, 1891) which he sent 
to one of us (C.R.), 1 wish to express my sincere thanks to Professor 

Sabalitschka. 

Thoms does not record the ojdical aedivity of his substance 
Pyrethrosin, nor was a molecular weight determination carried out. 
From the general description, however, the colour reaction with 
hydrochloric acid and the production of a substance reducing 
Fehling’s solution when the material is boiled with dilute acid, a 
substance which Thoms proves is not a sugar, there remains little 
doubt that “ Pyrethrosin ” and “ (xeigerin ” are identical. The 
true molecular formula is FaJEjO,,,. Thoms’ Pyre¬ 

throsin may not have been quite pure. He used only organic solvents 
for crystallivsatioii and it is difficult under these conditions to 
eliminate traces of sticky or tarry materials. The occurrence of one 
and the same bitter principle in Chrysarithewum cinvir<uiaefolivm 
and Geigerin aapera is of great interest. Thoms made no pharma¬ 
cological test upon his material other than to show that it was devoid 
of insecticidal properties. Both plants belong to. the family 
Compositae and it would be of interest to examine South African 
Oeigeria species for the presence of the insecticidal pyrethrin oils. 
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Absence of Hydroxyl Groups - Oil fbom the Geigerin 
Molecule. 

In order to establish the presence or absence of hydroxyl groups 
in Geigerin, attenajits were made to acetylate the substance, as 
follows, but without success. In each case the material was recovered 
unchanged. 

(i) 50 ingni. substance was dissolved in 2 c.c. of chloroform, 
0-2 c.c. of acetic anhydride added and the mixture left 
overnight. Petroleum ether was then added, causing 
the separation of a crystalline material in small stellate 
clusters of prisms. These proved to be unchanged 
Geigerin with M.P. 73® and 167-9®. 

(ii) 60 mgin. substance was dissolved in 1 c.c. of pyridine, 
0 15 c.c. of acetic anhydride added and the mixture 
left for several days. On adding petroleum ether, 
unchanged Geigerin crvstallised out, M.P. 76® and 
168-9®. 

(iii) 50 mgm. of substance in 2 c.c. chloroform plus 0*5 c.c. 

acetic anhydride was refluxed for 8 hours. On addition 
of petroleum ether to the slightly yellow solution, 
unchanged Geigerin crystallised out, both a and fi forms 
being present. M.P.’s. 74® and 166® also 77® and 
187-8®. 

Boiling with acetic anhydride, and sodium acetate 
led to complete destruction and tar formation. 

Since certain substances may contain hydroxyl 
groups which are difficultly acetylated but react 
8 moothl 5 ^ with phenylisocyanate to form phenylure- 
thanes, an experiment was conducted as follows. 

(iv) 50 mgm. of substance were dissolved in 2 c.c. of chloro¬ 

form, 0*75 c.c, of phenylisocyanate added and the 
mixture set aside for several days. Some squarish 
crystals appeared but these proved to be diphenylurea 
with M.P., 258®. To the mother liquor, petroleum 
ether was added and the crystals which separated 
removed; they proved to be unchanged Geigerin M.P. 
78® and 168® also some 187® (a form). 

It may be concluded, therefore, that hydroxyl groups are absent 
from Geigerin. 

Demonstration of the I^resence of (Ink Ketonic >00 Group. 

To 30 mgm. of substance dissolved in 15 c.c. of hot water was 
added 3 c.c. of hydrochloric acid and then 1-5 c.c. of hot Brady 
reagent—^a solution of 0*5 gm. of 2:4 dinitrophenylhydrazine in 
30 c.c. of normal hydrochloric acid. The colour deepened and almost 
at once the precipitation in microcrystalline form commenced of a 
deep orange-red substance. This was separated by centrifuging, 
washed with 2 normal hydrochloric acid and then with water and 
finally recrystallised from hot 60 per cent, alcohol. It sej)arated in 
rosettes of red plates M.P. 250-5®. 
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Mtcroatialysis, 

C. H. N. 

Found. 56-58 5-70 12-80 

C 21 H 24 N 4 O 7 requires. 56-72 5-45 12-61 

Arsence of an Isopropyl Side Chain. 

In order to test for the presence of an isoprojiyl side-chain, a 
f^roup occurrinp^ in several terpenes and bitter principles, 0*10 gin. 
Geigerin, dissolved in a little glacial acetic acid, was placed in a 
inicro-kjeldahl distillation apparatus and a current of steam passed 
through whilst an oxidation mixture of chromic acid in glacial 
acetic acid was added slowly during the course of 2 hours. 

The distillate was neutralised and again distilled, the first 
20 c.c. being tested for acetone. Brady’s reagent gave no turbidity 
and all colour tests were negative. The residual oxidation mixture 
was placed in the ice-chest when large colourless rhombic crystals 
(60 mgm.) separated. These were recryistallised from w^ater and 
shown to be unchanged Geigerin. M.P. 78® and 168-9®. 

-0*40 X 100 X 16 

2 X 5-03 
63-63°. 

Alcoholic KOII neutralised by 15 c.c. of this solution during 
12 hours at 37® = 1*76 c.c. N/10. 

Theory requires 1*67 c.c. 

The lactone grouping w^as therefore still intact and in every 
respect the substance ])roved to be identical with Geigerin. No other 
product could be isolated from the reaction mixture. 

Geigerin, therefore, contains no isopropyl side chain and the 
whole molecule would ajijiear to be fairly stable towards oxidising 
agents. 

Zinc Dust ])iSTiLi..vrioN. 

In preliminary experiments, Geigerin was distilled with zinc 
dust in a glass tube heated to about 400® and in j)re 8 ence of a current 
of hydrogen. The reaction products were dark, pleasant-smelling 
oils, dissolving in ether with a bluish fluorescence. Fractionation 
from absolute alcohol was attempted but insufticient material was 
obtained in a pure state for analysis. 

It appeared that these oils contained hydro-aromatic hydro¬ 
carbons. They gave an intense red colour with vanilin-hydrochloric 
acid. A distillation was therefore carried out at a higher tempera¬ 
ture, 700®, and the hydrogen stream sto})i>ed after all air had been 
displaced from the apparatus. There resulted a white cr 5 \stalline 
distillate mixed with a little yellow oil. The crystals were easily 
drained and proved to be naphthalene. They sublimed easily, had 
M.P. 79®, yielded a picrate crystallising in needles wdth M.P. 150® 
and possessed the characteristic smell of naphthalene. 
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Potash Fusion : Piielimjnauy Kxpkrujents. 

A j>otash fusion was carried out in a nickel crucible at 
for d hours using 1 gm. of Qeigerin and 15 gin. of potawssiuni 
hydroxide. The melt was almost com])letely soluble in water. It 
was acidified and steam-distilled, yielding an acid distillate iiossess- 
ing a rancid, butyric-like smell. The sodium salt prepared by 
neutralisation proved to be gelatinous whilst the acid itself could 
not be obtained in the solid state; the niaterial was therefore con¬ 
verted into the insoluble, amorphous silver salt for analysis 
Yield : d3 ingm. 

itirroanalysis, 

C. H. Ag. 

, Pound. 32-64 4-65 51-30 

These figures agree most nearly 'with C^jH^OaAg. Cajuonic acid, 
CoHiaOa, possesses an amQrphous silver salt but a copper salt which 
crystallises in a characteristic manner. The acid obtained from 
(Jeigerin did not yield these crystals. 

From the non-volatile fraction, other rancid-smelling oily acids 
were obtained but in no c^ase could any individual be identified with 
certainty, hence the experiments were discontinued. The absence of 
any easily crystallised solid acid was noteworthy and since many of 
the materials isolated gave a cherry-red coloui- reaction with vanilin- 
hydrochloric acid, similar to that obtained with the naphthenic acids, 
the suspicion was engendered that the products might belong to the 
poly methylene series. • 

Only in one instance was a well-crystallised sodium salt obtained 
and this and the corresiionding silver salt on analysis uj)peare<l to 
indicate a jiarent dibasic acid with the formula What 

strmdure such an acid might *have it is impossible to hazzard, but 
since the analytical figures agreed fairly well and these ex]>eriments 
are only of a preliminary nature the data will be recorded. 



c. 

H. 

Na. 

Sodium salt. Found. 

.. 30*85 

4*02 

17-10 

C 7 H 1 0 Nsj requires. 

.. 31*34 

3*73 

17*16 

Silver salt. Ag. found. 

.. 

48*62 

— 

requires. 

.. 

49*29 

-- 


Geigeric Acid. 

The free acid of which Geigerin is the lactone was prejiared by 
dissolving 0*5 ,gm. Geigerin in 26 c.c. of approximately 0*1 normal 
alcoholic potassium hydroxide and after 24 hours at 37® acidifying 
the solution with the requisite quantity of hydrochloric acid. Upon 
shaking with ether, after dilution, the free acid passed over into 
the ether phase which was washed and evaporated to dryness, the 
residue being crystallised from hot petroleum ether in which it was 
sparingly soluble. The acid separated in beautiful, elongated :fet 
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plates (see Fif?. <‘1) and had M.F. ‘iOl-;!®. It was only moderately 
soluble in chlorotorm, more soluble in absolute alcohol, which solvent 
was used for the determination of o])tical rotatoi,\ jiower. .‘10 mpm. 
substance in l.'i c.c. absolute alcohol had rotation +0'42°. 

28 10-1-2 K 15 X 100 

IJ 2 X .'1 

i- 105°. 


.1/ tci-o-annlyxis. 



V 

H. 

Found. 

G3-70 

7*92 

Gj 5 llo 205 requires. 


7-80 

It is jiroposed to designate this subst 

ance “ 

(jeigeric acid ” 



Kig. .‘J. Goigoric acid, M.P. X7(). 


Tiik Action of Hydrociiloiuc Ach) upon (iKioKiMN. 

The (‘oloui* reaction g*iveu by (ieigerin wiili hydrochloric acid 
has already been mentioned. There develops in the cold, more 
leadily on warming*, a faint cherry-ied colour vhicli is stable for a 
considerable period but very gfradually assumes a browner tint. 
Solutions of hydrochloric acid more con(*entTafed than 10 ])er cent, 
by weig:ht yield t*he colour readily but with weaker solutions only a 
very faint pinkish-mauve colour is gradually formed, riiloroform 
does not extract this colour, but it is discharged at once by dilution 
with water and chloroform is then eapable of extracting unchanged 
Geigerin from the solution. Similarly, if a concentrated solution 
of (leigerin in 20 per cent, hydrochloric acid be diluted largely and 
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placed in the ice chest, crystals of unchanged O-eigerin slowly 
8ei)arate, but Geigerin is so much more easily soluble in dilute hydro¬ 
chloric acid than in water that the yield is far from quantitative. 

The cherry-red solution in 20 per cent, hydrochloric acid exhibits 
a well-marked absorption spectrum, the centres of the bands being 
at 543; 506 and 406 m/^ respectively, the relative intensities being 
in descending order 543; 466; 506 (see Fig. 2). It is noteworthy 
that Vermeeric acid, the active principle of the Vermeerbos, to be 
described in the second paper of this series, gives the colour reaction 
\ery vividly, the positions of the bands being almost identical in the 
iw(» cases, although the colour tint varies somewhat. 

Prolonged action of hydrochloric acid undoubtedly (pauses some 
alteration in the structure of Geigerin. The following experiment 
was therefore carried out in an attempt to discover the nature of this 
change. 

01 gm, of Geigerin was refluxed for 1 hour with 5 c.c. of 
20 per cent, hydrochloric acid, the brown solution which possessed 
a pleasant aromatic smell was diluted, neutralised with sodium 
hydroxide and concentrated by distillation; the distillate gave no 
precipitate with Brady's reagent. The main solution was shaken 
with ether which extracted only a very small quantity of resinous 
material. It was then acidified and again extracted with eiher 
which removed a pale yellow acidic oil. As all attempts to induce 
crystallisation failed, this'material was esterified with diazomethane 
and the methyl ester crystallised from hot petroleum ether in which 
it w^as sparingly soluble. It was obtained in aggregates of very 
beautiful colourless, flattened prisms having pointed ends. The 
M.P. w^as 98*5® 


Micro-^analysis . 

C. H. CHgO. 

Found. 64-96 8*11 10-32 

Ci 5 H 2 i 04 (OH3O) requires. 64-82 8-17 10-47 

The parent acid therefore possesses the same formula Cj^IIaaOo as 
Geigeric acid, showing that the lactone ring must have been oi)ened 
during the reaction. Whether this acid and Geigeric acid are 
identical or isomeric, as is thought to be more probalde, has not as 
yet been determined. 

There is some evidence which suggests that the ketonic group 
yielding the 2:4 dinitrophenylhydrazone of Geigerin, described 
earlier, may form a part of some tautomeric grouping in the molecule, 
since the presence pf hydrochloric acid appears to be essential for 
the formation of derivatives of this function. Thus, an attempt was 
made to prepare the dinitrophenylhydrazone by refluxing Geigerin 
with a slight excess of 2:4 dinitroi)henylhydrazine in alcoholic 
solution but no reaction took place. Similarly an attempt to prepare 
a seinicarbazone failed. 
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Should Cjeigerin exhibit keto-enol tautomerism, this mig-ht 
explain the two melting irnints observed with the pure substance, 
but the failure to detect an hydroxyl group by acetylation must be 
recalled. Comj)arison with the behaviour of carolic acid may prove 
significant in this connection ((.lutterbuck, ttaistrick and Reuter, 
1935). On treatment wdth Brady’s reagent, carolic acid gives an 
immediate precij)itate of a mono-dinitrophenylhydrazone by virtue 
of the ketonic- grou]) in its side chain. The tetroiiic acid ring 
structure, however, possesses, in addition, an oxygen atom which 
shows keto-enol tautomerism and this more slowly reacts wdth a 
further eciuivalent of the reagent to form a bisdinitrophenylhydra- 
zone. Attem])ts to acetylate carolic acid in its enol form by boiling 
w'it’h acetyl chloride failed, only unchanged starting materials being 
recovered. 


Oxidative Degradation of (xeigerin. 

(xeigerin does not decolourise cold i)ermanganate solution but 
is fairly readily oxidised at the boiling temperature. 1 gm. Geigerin 
in LM) c.c. of water plus 1 gm. sodium carbonate required 82 c.c. of 
2*5 per cent, potassium permanganate solution, added in small 
quantities at a time, before the reaction slowed uj). The resultant 
mixture was filtered, affording a pale yellow liquid which gave a 
yellow’ ])recij)itate with Brady’s reagent. Jt was therefore concen¬ 
trated by distillation (whilst still alkaline) and the distillate tested 
but with negative result; no substance reacting with Brady’s reagent 
was present. The main solution wus then extracted very thoroughly 
by ether, this solvent slowdy but completely removing from the 
alkaline li(|uid the material giving the dinitrophenylhydrazone. 
Upon evaporation, the ether left a pale oil w’ith a j)eculiar cueumber¬ 
like smell. It was fairly easily soluble in wuiter and was found to 
give the following reactions: — 

Schiff's reagent. Fairly rapidly +• 

Fehling’s solution. Only reduced on boiling for 

1 minute. 

Tollen’s reagent (AgNO^ : NH4OH).. 

Jean’s test (Phenylhyrazine + Nitro- slowdy brow’n. 
prusside) 

m-dinitrobenzene + alkali. yellow’ only. 

Thiophene + H 28 O 4 test. -f cherry red. 

Ujion acidifying and adding Brady’s reagent, a 2:4 dinitrophenyl¬ 
hydrazone precipitated and was sejiarated off, w’ashed and crystallised 
from hot dilute alcohol. It crystallised in yellow plates wdth 
M.r. 158-1G1° and proved to be identical with the derivative of 
acetaldehyde, thus: — 


Micro-avalysis. 


N. 

Found. 24*84 

requires. 25*00 


Mixed wdth acetaldehyde 2:4 dinitrophenylhydrazone of M,P. 
159-ir)l^, it had M.P. 159-161^. 
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This result was somewhat surprising, but it was noticed that of 
the colour tests listed above, only those were j)ositive (and similar 
to acetaldehyde) which required the addition of acid to the solution. 
The substance isolated from the oxidation mixture clearly could not 
be identical with acetaldehyde since it could not be distilled but it 
was suspected that it was some material which affords acetaldehyde 
when treated with acids. (Comi)are the acetals which are stable to 
hot alkalies but yield aldehyde immediately on addition of cold 
dilute acids.) 

This supposition was proved to be correct in the following way: 
To some of the substance was added 2 normal suli>huri(‘, acdd and 
the mixture was gently distilled affording a distillate giving all 
the tests for acetaldehyde and from which acetaldehyde 2:4 dinitro- 
phenylhydrazone was prepared. 

Tests on Distillate. 

Schiff’s reagent. 4- 

Fehling’s solution. Reduced on boiling. 

Tollen’s solution. -f- 

Jean’s test. -f red. 

m-dinitrobenzene + alkali. + mauve. 

Iodoform. + 

Thiophene. + 

Midro-ana lysis . 

N 

2:4 dinitrophenylhydrazune M.P. 158-160®. Found 25 • iW 

Acetaldehyde dinitrophenylhydrazone requires . 25 00 

The mixed M.P. was 159-160®. 

It was subsequently found, as rej)orted in the following pai)er, 
that Vermeeric acid, on oxidation by means of alkaline i)erinanganate, 
also yields a similar material which when treated with dilute acid 
liberates acetaldehyde. 

The alkaline aqueous solution remaining afte]* having removed, 
by ether extraction, all the material reacting with Brady’s reagent, 
was acidified and again exhaustively extracted with ether which 
now removed a strongly acidic substance. This was converted into 
the sodium salt and the latter, after washing with acetone, dissolved 
in absolute alcohol and juecipitated by ether. There was obtained 
0*42 gm. of a nearly colourless amorphous ])owder. Attempts to 
crystallise the free acid from this small quantity failed; however 
an analysis was i)erforined and after methylation with diazomethane 
in ethereal solution the methyl ester was obtained crystallising from 
hot petroleum ether, in which it is sparingly soluble, in short hexa¬ 
gonal prisnis, M.P. 116-6® (see Fig. 4). On repetition, the acid itself 
was obtained crystallising in six-sided prisms, M.P. 200-1®, 

+ Analysis indicated the formula C,oH, 404 . 
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MicroHinalysis . 

Methyl ester. Found. 

('10^14^4 requires. 


c. 

H. 

60-55 

6-95 

60*60 

7-07 


The substance a])i)eare(l to react slowly with Brady’s reaj>ent forminpc 
a yellow i)recipitate. 



Fig. 4. Methyl estei of acid obtained b.\ alkaline permanganate o\idatian of 
Geigenn, M P IhVG*^, X(3C. 


These evjieriments inUvSt be legaided as iiurely preliminary; 
further w’ork a^^aits tlie accumulation of sufficient starting material. 
In general, the chemical work reported above siij)i)orts the idea that 
Geigeriii may be made uji of hydroaromati(‘ or jiolymetliyleiie ring 
^,\stem^ but certain(\ upon this point can only be obtained by the 
isolation of degradation products in sufficient quantity to allow of 
their transformation into known substances. The object of the 
])resent communi(*ation is to record the isolation of the lactone 
Geigerin from Gctyena aspera and to describe its reactions and 
properties. The question of its exact chemical vstructure will be 
dealt with in another communication at some future date. 


PHARMACOlAKijrAL ExPKHIMKN'rS 

A cat (1,200 gin.) was given 01 gm. Geigerin dissolved in d c.c. 
of 30 i)er cent, alcohol subcutaneously. The animal looked ill next 
day and would only drink a little milk; however, complete recovery 
eventually took place. 
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About six months later the same animal was given 1 gm. of 
(ieigerin suspended in water by stomach tube at 12.30 iliu.. Sylhptoms 
developed as follows: — 

12.47 i).m. * Vomited. 

12.55 ,, ' Vomited again. 

1.5 ,, Vomited again. 

2.2 ,, A severe attack of retching, which brought up 

only a very small quantity of fluid together 
with a tape-worm about 5*5 inches in length 

2.40 ,, Further retching. 

The animal remained very ill throughout the Jay, but drank 
a little milk. Intense salivation and retching occurred at intervals. 
Xext day it refused to eat and looked very ill. The following day 
another retching attack was observed at 11.30 a.in. and a considerable 
amount of fluid containing mucous was seen in the bottom tray of 
the (‘age suggesting that vomiting had occurred unobserved during 
the night. The animal was killed. The post mortem examination 
revealed a severe gastro-enteritis confined more particularly to the 
fundus region of the stomach. The trachea and glottis were normal. 
The liver showed slight fatty infiltration. The urine in the bladder 
was free from haemoglobin. 

On a subsequent occasion, the same dose (1 gm.) was given in 
the same manner to a 21 kilo cat. It remained quiet and listless 
all day. Next morning vomited material w^as observed in the cage. 
The animal refused food and looked very ill. On the following day 
it appeared somewhat improved and was killed for post mortem 
examination. A slight mucous catarrh was seen in the stomach 
and small intestine, otherwise the aj)pearance of all organs was 
normal. 

A rabbit (1*9 kilos) which received 0*25 gm. Oeigerin by 
stomach-tube exhibited no symjdoms. A sheep was drenched with 
a total (juaiitity of 15 gm. of Geigerin given in doses of 5 gin. at 
intervals over 2 days. It remained normal. These preliminary 
pharmacological tests suggest that cats are the most suitable test 
animals to be used. Geigerin would appear to have little or no 
action upon rabbits but to be not entirely devoid of vermeersiekte 
producing properties (gastric irritation) as judged by its effect when 
dosed to cats. It is hoped to continue this aspect of tlie work at 
some later date. 


Summary. 

1. There has been isolated from toxic consignments of Geigerin 
anpera, Harv. a neutral lactonic bitter principle to which the name 
Geigerin has been assigned. This substance, though not the true 
toxic principle, would appear to he not altogether devoid of pharma*- 
cological projierties. 
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2. Geigerin ‘has the formula C 15 H 30 G 4 and crystallises from water 
or moist organic solvents with 1 molecule of water of crystallisation. 
It exhibits isomerism, the melting points of the two varieties, when 
anhydrous, being 169^ and 189^ but preliiniuaty softening with 
liberation of water from the hydrated ])rism 8 is observed at about 
08® and 75® res])ectively. No matter which isomer is used, the same 
optical activity is exhibited in the same solvent, the constants being 

r 1 

for absolute or dilute alc.ohol I a I -- -60*32® in the mean and 

L Jb 

r 1 

for chloroform or ethyl acetate a J = -42*71® in the mean. 

3. There are some grounds for believing the isomerism to be due 
to keto-enol tautomerisiu, although no hydroxyl grou]) could be 
detected by acetylation under various conditions. 

4. Geigerin forms a 2:4 dinitrophenylhydazone in the ])resence 
of hydrochloric acid, but attempts to prepare derivatives of the 
ketonic function in the absence of an acid failed. 

5. Potassium permanganate is not de(‘olorised by the substance 
in the cold neither can any acetone be recovered after the action of 
chromic acid under the projier conditions for the oxidation of iso- 
})ro])yl side-chains to acetone. Such a group is therefore not ijresent 
in Geigerin. 


6 . Cold hydrochloric acid of concentration over 10 i)er cent, 
ahords a very striking colour reaction with Geigerin. The sukstance 
dissolves easily, forming a cherry-red solution which shows absorption 
bands at 543, 500 and 400 mfK In time, the colour becomes more 
brown in tint. 

7. Geigerin is a monolactone and the corresponding acid, 
Giifjeric arid, has been prepared and found to crystallise in plates 

r n 28 

with M.P. 201 - 3 ® and j^a J ^ +105®. 

8 . When Geigerin is boiled for 1 hour with concentrated hydro¬ 
chloric acid the cerise c(dour changes to brown and from the reaction 
mixture an acid was isolated in the form of its methyl ester melting 
at 98*5®. 

9. From results reported in the following communication, it 
would appear that Geigerin is closely related, chemically, to the 
active principle of the jdaiit which causes venneersiekte. Preliminary 
degradation experiments indicate that on potash fusion a mixture of 
liquid rancid-smelling acids is produced, and certain reactions suggest 
that these may belong to the polymethylene series of compounds. 

10. On distillation at low temperature with zinc dust, fluorescent, 
oily aromatic substances are produced. At 700® naphthalene is 
formed. 
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IL When (ieigerin is oxidised by hot alkaline potassium per¬ 
manganate, theie arises an acidic fraction from which the methyl 
ester, of an acid, probably in C,oH, 3<)3 ((K^H.,), was isolated in 
crystalline form, M.P. 115-6^, and also a neutral, non-volatile sub¬ 
stance soluble in ether and slightly soluble in water, which on treat¬ 
ment with dilute mineial acid in the cold at once liberates 
acetaldehyde. The exact nature of this material awaits further 
investigation, but attention is drawm to the analagous behaviour of 
the acetals. 

12. It would api)ear from the literature that (Jeigerin is in all 
probability identical with the substance extracted by Thoms from 
Chryif<inthemum cinerariaefolium in 1891 and named by him 
‘‘ Pyrethrosin His formula for this substance Ca 4 H 440 ,„ w^as put 
forw^ard with some reserve. 

Preliminary pharmacological experiments ui)on rabbits, 
shee]) and cats are reported. 
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Chemical Studies upon the Vermeerbos, Geigeria 
AspsrOf Harv. 11. Isolation of the Active 
Principle, ‘‘Vermeeric Acid.” 


«>• CLAUDE ttlMINGTON, (L C. S. IIOETS ami UOUW (i. 
STKYN, Sections of (^heiuistry, Pharniu(‘olooy and Toxicology, 
Onderstepoort. 


In the j)recediii<^ communication (Rimin^ton and Roets, 1936) the 
isolation has been described ot a lactonic* bitter principle, (V.H 2 o(),, 
uatned “ (xei^erin ’’ from the Vermeerbos (jeif/eria aspera, Harv. 
(ComjiosiUie). The ])resent pa})er deals wit‘h the isolation from this 
plant of the active j)rinciple (*ausinf»* vermeersiekte, or vomiting** 
disease, and its characterisation as a dibasic acid which 

readily jiasses over into the dilactone Jt is ])roposed to 

(‘all the free acdd “ Vermeeric acid and its (lilactone “ Vermeeriii 
Both stibstances show certain marked points of similarity with 
(iei^^erin, and it is j)robable that their structures are closely similar. 
Empirically, Vermeeriii differs from (leifyerin by the elements CsH^O 
but it still drives the colour test with hydrochloric acid (reddish 
solution with absorjition bands in the visible s])e{*ti*um) althoufrh 
with much less intensity than does the latter and it also affords on 
alkaline j)ernian<^auate oxidation, a substance yielding- acetaldehyde 
on treatment with cold dilute acids. 

During* the course of the investigation there were also isolated 
two substances which ap])ear to be flavones and which were only 
sejiarated from Vermeeric acid with difti(*ulty. They are not con¬ 
sidered to be in any way related to the toxic principle. 

Pharmacolo^^iciul trials have shown that rabbits are entirely 
unsuited for the testing* of vermeersiekte activity. Frog's, on the 
other hand, would appear to offer considerable ])ossibilities, es])e(*ially 
sin(*e the doses recjuired to cause paralysis and death are of the 
order of a few milligrams only. Quantities of 10 to lb g*m. of 
vermeeric acid priven orally to sheep <*ause death from acute vermeer¬ 
siekte within 5 to 24 hours. The jiharmacological examination of 
this substan(*e is reserved for a future imblication. 


Preliminaky Tests. 

Quite early in these ex|>eriments, when attention was heiiif? 
directed towards the isolation of the lactone Geig-erin, it was noticed 
that the final fractions contained a considerable quantity of an 
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acidic oil with a pleasantly aromatic odour. Dosing- of this material 
or the ether extract of 80 gm. of dried i)lant to rabbits was without 
eiiect although frogs which received about 50 miligrams injected 
into tl^e dorsal lymph sac suffered from paralysis and respiratory 
distress, death usually occurring fom asj^hyxia within an hour. The 
neutral fractions of the extracts were almost devoid of activity. 

Experiments upon sheep showed that the active principle could 
be extracted by boiling ether and transferred, by shaking, to dilute 
aqueous sodium carbonate solution, thus: 1-5 kilos of dried plant 
(Vereeiiiging Estates, Ist Lot; effective dose for sheep ±750 gm.) 
were extracted by ether and the extract shaken witli 1 per cent 
sodium carbonate solution. The ether soluble residue was dosed with 
negative result. The clear, brown aqueous liquid was then acidified 
and shaken with chloroform which removed a pale yellow acidic oil. 
This was given to a sheep per os with the following result. Dosed 
3 p.m.: — 


Next morning, 9 a.m. 

11.30 a.m. 
2 p.m. 


2.15 p.m. 


Listless, not eating; temperature 

101 ^. 

Walking w±th a stiff gait; tem- 
l)erature 103^. 

Prostrate; forced res})iration. 
Pulse IGO, hard and jerky. 
Some signs of nervous hyper- 
sensibility: 

Died. 


Post mortem, —Gastro-intestinal inflammation, ulcers in the 
omasum 'associated with particles of a 
brown material. Heart flabby with 
haemorragic patches covering the left 
auricle. Liver friable, and somewhat 
fatty wdth central stasis. Kidney medulla 
slightly engorged. Some fresh iiigesta 
, found in the upper portion of the trachea. 

Tn a repetition of this experiment, the sodium carbonate solution 
was shaken repea,tedly with fresh chloroform in order to remove 
completely all non-acidic material since Geigerin is appreciably 
soluble in aqueous solutions. There was recovered in this way 6*2 gm. 
of Geigerin crystals, but the residual acid fraction weighing 15 *5 gm. 
was still very toxic, the test sheep dying within 5*5 hours after 
dosing. A small chloroform-insoluble, dark, amorphous material 
which separated when the carbonate solution was acidified was dosed 
separately but pt*oved to be inactive. 

Various methods of purification of the active fraction were 
resorted to, such as high vacuum distillation, but a certain degree 
of lability of the principle, especially at high temperatures, led to 
rapid loss of toxicity. 


At this stage, it was noticed that as the solvent evaporated, 
chloroform solutions of the acidic oil dejmsited a small quantity of 
a yellow material which was practically insoluble in chloroform when 
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the mixture was stirred again with fresh solvent. In this way a 
further purification was achieved and on an accumulated sample of 
the active chloroform-soluble maierial certain tests were carried out 
as f olloAVs : — 

T(hvicity, —10 gm. dosed to a sheep caused death from 
typical acute vermeersiekte within 24 hours, the onset of 
,symi)1oms being noticed about 8 hours after dosing. 

7 gm. caused symptoms of stiffness and vomiting but the 
animal made a gradual recovery. 

ild (U)loiir licaction. —With concentrated hydrochloric 
acid a brownish-red <‘olour (leveloi)ed slowly but more rai)idly 
on \varming ami the solution exhibited absorption bands at 
approximately 542, 502 and 405 in/^ The bauds were less 
distinct ami the colour more biownish than is the case witli 
(teigejin. 

O pi mil lioUition, —X 0 52 per cent, solution in alcohol 
was optically inactive (2 dm. tube). 

Equivalent hy Tit vat ion. —0^1504 gm. of the oil dissolved 
in alcohol and titrated to phenol ])hthalein required 12-20 c.c. 
of 01 N sodium hydroxide. The sodium salt dissolved in 
alcohol and j)recdi)itated b\ ether was analysed with the folhm- 
ing result: — 

M ivro-aual ifnis ,— 

Na 

Crude Na salt of toxic acid. Found 10*59 

It can be mentioned that the calculated value required by the 
formula C,„lla, 5 t ) 7 Nay (based on results to be described later) is 11 -50. 

SKPAitA'noN OF Two Ft.avonks. 

A modification introduced into the })ro(‘edure for the i)rei)aration 
of the toxii; fraction resulted in a very much more complete ami easy 
sei)aration of the yellow material referred to above. 

An ether extract of 1-5 kilos of jdant jmwder was treated in the 
usual way, but in order to jnevent emulsification and accelerate the 
separation of the i)hases when the sodium carbonate solution was 
shaken with (*hloroform, an addition of about 50 gm. of sodium 
chloride was made. This allowed of much quicker working and of 
more ])erfec.t elimination of colouring matter, et(‘. The final chloro¬ 
form solutions deposited about 80 ingin. of yellow crystalline material 
from which the toxic oil was easily separated by \vashing with 
chlcuoform. The yellow residue was dissolved in hot absolute alcohol 
and the solution, to which a drop of hydrocliloric acid was added, 
Avas placed in the ice-chest. A crop of pale yellow crystals vseparated 
and on dilution of the mother liquors further material was obtained. 
By repeated recrystallisation, two piire fractions w^ere eventually 
obtained, in greatest (quantity a substance “ A ” crystallising in 
diamond-shaped pale yellow plates with M.P. 269-271^ (Fig. 1) 
and a small amount of a substance ‘‘ B somewhat paler in colour 
and crystallising in square plates wdth slightly rounded corners, 

509 



CHEMICAL STUDIES UPON VERMEEKBOS, “ GEIGERIA ASPERA 

M.P. 243-4® (Fig. 2). The material A exhibited in a very striking 
manner the modification of crystalline form caused by traces of 
impurities. Thus, during the progress of purification, all stages 
were observed between somatoids, flat boat-shaped crystals, aggrega¬ 
tions of plates tapering to a point at the end (see Fig. 3) and the 
perfectJy-fonned diamond-shaped crystals of the pure substance. 

On account of the properties of these two substances, listed 
below, it is suspected that they may be flavones. 
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S( 


1 j 



Fj^ 4 Crxstals liom solution of substanco “ \ in tnncentratefl hxdio- 
chloru acid, X80 


Pi?oriniiis 01 StBsi4NrEs A vm) B 


4 

Insoluble in watoi 
Insoluble m chloiofoim (when pure) 
Sparingly soluble in hot alcohol 
Easily solubh in concentrated HCl 
solution deposits long, bright 
yellow needles (Fig 4) 

Very soluble in dilute Na 2 rO ^ solution 
with bright yellow colour 
Ferric chloride coloured oliv«‘ green 

Reactions loi ketonic groups negative 
Fehling’s solution turned dirty gieen 
on boiling 

Pale yellow diamond sha}x»d plates 
MP 269 71° 


H 

Insoluble in water 
insoluble in chloroform (when jiuie) 
•Sparingly soluble in hot alcohol 
Easily soluble m concentiated H(1 


Very soluble m dilute NagCOj solution 
with bright yellow coloui 

Ferric chloride coloured daik olive 
gieen 

Reactions for ketonic groups negati\ e. 

Fehlmg's solution turned dirty green 
on boiling 

Pale, square plates M P 243 4 . 


Analyses indicated the piobable tonnulae C,,H,«08 and C,JI ,«07 
ioi A ciiid B lespectively The matenais weie insoluble iii caniphoi 


Muro-analysih * 

V 

H 

CH,0 

Substance A Found A 

61-02 

4-51 

15 36 

requires t 

60-92 

4-86 

15-42 (foi2C'H,0) 

Substance B Found 

63-58 

5-16 

requires 

63-68 

5-03 

— 


* Micro-analvses by Dr 0 Backeberg, Univeisit} ot the Witwatersiand, 
to whom we wish to express our thanks 
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The quantity of B was insufficient to permit of methoxyl deter¬ 
mination. 

These two materials could also be obtained by dissolving the 
crude oil in 50 per cent, by volume hydrochloric acid, and setting 
the solution aside when the yellow compounds slowly crystallised out. 

It may be recalled that W. Karrer (1934) recently reimrted the 
isolation of a flavone Thapsin from the drug Digitalis Thaj)si, It 
had M.r. 224° (uncorr.) and was assigned the formula CisHeO* 
( 00113)4 and shown to possess 4 methoxyl and 2 hydroxyl groups. 
As soon as sufficient material has been accumulated, a further study 
of these substances ])resent in Geigerin aspera will be undertaken. 

Final Purification of the Toxic Fraction. 

A j)henonienon which jiroved to be of importance in the final 
purification of the active material was observed at this stage. Various 
analyses of final toxic fractions had shown some diversity and it was 
also observed that ])reparations which were at first quite fluid 
gradually lost their mobility on standing in open dishes and that 
such “ old ” sami)les were no longer comj)letely soluble in sodium 
carbonate solution. Traces of the A ” and “ B ’’ materials were 
also difficult to remove and imparted a dark yellow-brown colour to 
the prejiarations. 

Jiy dissolving such imjierfectly purified material in chloroform 
and adding, with vigorous stirring, three volumes of petroleum ether, 
the bulk of the impurities could be removed in the dark resinous 
precipitate which formed. By a sufficient repetition of the i)roce8S, 
preparations of the toxic, material coidd be obtained which no longer 
gave any colour with ferric chloride solution and were therefore free 
from the A and B constituents. The increase in viscosity on standing 
for any considerable jieriod of time still occurred, however, and on 
occasion the formation was observed of a colourless crystalline 
substance se])arating slowly in the bulk of the material (see Fig. 5). 
The crystals showed marked twinning. 



Fig. 6. Crystals of Vermeerin forming in toxic oil (Vermeeric acid) on 
standing, X40. 
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By tituratinjj' such prejjarutions with anhydrous ether, added in 
successive quantities, it was found i)ossible to separate the active 
acidic oil from the crystals. Where crystallisation had not com¬ 
menced spontaneously, it could be induced by stirring* the oil with 
dry ether. The (trystalline constituent jiroved to be a neutral 
principle insoluble in sodium carbonate solution. It could be easily 
recrystallised from chloroform-petroleum ether mixture and was so 
obtained in colourless needle-like prisms with M.P. (Fij?- 6). 



Fig. G. Vermeerin, the di-lactone of Veriueeric aeid, M.P. 143°, XSo. 


It was proved that samples of the purified active oil, which originally 
had been freely and completely solulde in lupieous sodium carbonate 
solution, slowly but progressively gave rise to this material on stand¬ 
ing. Analyses demonstrated that A was formed by sjjontaneous 
lactonisation (see below). For aiialpncal purposes, portions of the 
active oil were dissolved in chloroform and thgir solutions shaken 
wuth aqueous sodium carbonate. The alkaline phase was then 
repeatedly shaken with fresh portions of chloroform to n*emove any 
non-acidic material and the acid transferred to a small volume of 
chloroform after acidification of the carbonate solution. From this 
solvent it was precipitated by addition of much anhydrous petroleum 
ether, centrifuged down, washed with petrol ether and subjected to 
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a short dryinjjf (1 hour) in a vacuum desiccator over sulphuric acid. 
Analyses were made with as little delay as i)ossible and afforded 
consistent results agreeing with the formula 

Micro-analysu: 




c. 

H. 

Preparation 1. 

Found. 

. 60-96 

7*96 

Preparation 2. 

Found. 

. 60-90 

7*19 

requires. 

. 60*68 

7*87 


Prejiarations I and 2 were made from different batches of Geigeria 
(upera collected at an interval of about six months. Confirmation 
of this empiricial formula was afforded by analyses of the dilactone 
as recorded below. 

In view of the pharmacological action of this acidic material in 
causing venneersiekte or vomiting disease it is i)roposed to designate 
it “ Vermeeric acid 

The yield from the batch of material investigated (effective dose 
for a sheep apj)roximately 2*5 kilos) was 0*5 })er cent. The yield 
of flavones (A and B) was 0*01 per cent. 

J’roperttes of Vermeekic Acid. 

The material obtained by the process outlined above was a 
slightly viscous, very pale yellow oil with a pleasantly aromatic smell 
and devoid of optical activity. It gave the colour reaction with 
hydrochloric acid which has been previously described and redtued 
alkaline potassium-peniuinganate vsolution in the cold. Vermeeric 
acid is a dibasic acid as the analysis of its vsodium salt and titration 
experiments demonstrated. It forms a 2:4 dinitrophenylhydrazone 
and must therefore contain the function >*CO or a groujung capable 
of giving rise to a ketonic group such as an oxygen atom showing 
keto-enol tautomerism. The reasons for suspecting the presence of 
such a grouping in Geigerin were fully discussed in the preceding 
paper. 

An amorphous methyl ester was prepared by means of dimethyl- 
sulphate. The preparation contained 0 72 per (ent. ash. 

MicrO’^analyns: 



c. 

H. 

Found. 

.... 64*12 

7*51 

(CHgO)^ requires...... 

.... 64*03 

8*73 


Vermeerin, the D 1-J.ACT0NE uF Vermeeric Acid. 

The crystalline material, M.P. 143®, formed from Vermeeric acid 
on standing (see Figs. 5 and 6) possessed the formula and 

was found to neutralise two equivalents of alkali after opening of the 
lactone rings. It is laevorotatory but the free acid, as was to be 
expected, proved to be completely inactive. Tests with Brady’s 
reagent revealed the fact that only a very slight precipitate is formed 
on adding the reagent and this not immediately. From such behaviour 
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it would appear highly probable that the closure of one or other 
lactone ring involves the structure in Vermeeric acid which, as postu¬ 
lated, is capable of giving rise to a ketonic function in the presence 
of hydrochloric acid and a ketone reagent. Optical activity must be 
associated in some way with the closure of the lactone rings. 


MicTo^analysis: 

C. H. 

Found. 67-77 7-45 

C 18 H 24 O 5 requires.. 67*47 7*56 

50*5 ingm. of the substance dissolved in 15 c.c. of absolute alcohol 
had a rotation of -0-34®. 


28 -0*34 X 15 X 100 

_ I) 2 X 5-05 

- -50-5r. 

To this solution was added 5 c.c. of alcoholic potassium hydroxide 
(approximately 0 08 N solution) and the mixture left at 37® over¬ 
night. It was then back titrated after the addition of phenolphtha- 
lein. 

5 c.c. KOH == 3*42 c.c. of 0108G N HCl 
Acid back = 0*35 c.c. 

Neutralised 3*07 c.c. 

- 3-33 c.c. of O J N * 

Equivalent weight 151*7 

The empirical formula Ci 8 H 2*03 for 2flactone groups requires 100. 

To the residual solution, the full equivalent of acid was added 
and the mixture examined in the polarimeter. It proved to be com¬ 
pletely inactive. 

Like Geigerin and Vermeeric acid, Vermeerin gives the colour 
test Mith hydrochloric acid, iii which it is fairly readily soluble. The 
colour was much less intense and somewhat browner than that given 
by Geigerin but a distinct absorption band was visible with its centre 
at e546*5 mM. Two other bands were faintly discernible as in the case 
of Geigerin and Vermeeric acid. On dilution of the acid, the bulk 
of the dissolved substance separated in pure crystalline form 
M.P. 143®. This might indicate that the action of hydrochloric 
acid, presumably (iausing some isomeric rearrangement within the 
molecule is much less marked upon Vermeerin than it is with the 
other two compounds, a difference possib^f to be correlated with the 
absence of a ketonic functioning group (compare the formulae on 
p. 519). 

During the course of the separation of crystalline Vermeerin 
from active fractions which had stood some length of time, a certain 
quantity of another substance was encountered. This was an 
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amorphous solid, devoid of acidic properties, but iieutralisiiifn^ 
alcoholic potash on standing at 87® for 24 hours. 48 8 mgni. left in 
o c.(*. ale. KOH ( — 3*90 c.c. HCl) required for back titration 
1*86 c.c. 0-09709 N HCl. 

Neutralised 180 c.c. N/iO. 

/. Equivalent = 271*6. 

The resultant solution was optically inaefiye. 

4// cT(p-a71 alysis : 

C. M.Wt. 

Found_ 61-56 7*89 1028 (bv East’s method), 

C 54 H 82 O 20 requires.., 61*67 7*87 1050*7 

This substance is characterised by its very sparing solubility in 
all organic solvents. It has not yet been closely studied but it may 
be here pointed out that the molecular weight is 4 times the equiva¬ 
lent weight, indicating that there are in all probability 4 lactone 
groupings in the molecule. The molecular forinilla Ci 4 Hga 02 o 
coiTesponds to 3 times the molecular formula of Vermeeric acid less 
1 molecule of water thus, 3 x CigHagOy - HjO = C 54 H 8302 o» 
Vermeeric acid contains two carboxyl groups ])er molecule and it 
may be suggested that possibly some sort of ))olymerisation involving 
anhydride formation may have taken place. 


Vermeeric Acid 2:4 Hinitrophenyliiydrazone. 


This derivative, which established the presence in the molecule 
of V^ermeeric acid of a ketonic group (or formation of such a grou]» 
in the presence of acid) was prepared in the following manner: — 


About 50 mgm. of Vermeeric acid was dissolved in aqueous 
alcohol of strength just sufficient to afford a clear solution and after 
addition of sufficient hydrochloric acid to bring to 2 N, the requisite 
quantity of hot }3rady\s reagent was added. The separation of an 
oiange^red dinitrophenylhydrazone commenced rapidly but the preci¬ 
pitate was apt to be sticky. It was washed well in the usual way and 
dissolved in 1 per cent, aqueous sodium carbonate solution. To the 
filtered, dark reddish-brown solution was added an excess of hydro¬ 
chloric acid and the precipitated derivative was centrifuged down 
and w^ashed. It crystallised from hot dilute alcohol in reddish-orange 
l)risins with M.P. 108-110®. 


Micro-a na Jyns : 

Found. Preparation 1 ... 
>> »» 2 ... 
CJ 4 H 34 O 1 JN 4 requires. 


c. 

H. 

N. 

54-80 

5*94 

11-42 (traro of ash). 

54-96 

5*71 

12-52 

54-75 

5*73 

12-17 


The analysis of this derivative occasioned some surprise. The formula 
expected from the interaction of 1 molecule of Vermeeric acid with 
1 molecule of dinitrophenylhydrazine with the elimination of 1 mole- 
tmle of water would be C, 4 H 3 gO, 2 N 4 whereas the substance actually 
formed appears to contain Hat) less. Considering the ease with which 
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Vermeeric acid lactonises on standing, it seemed highly probable 
that the extra molecule of water eliminated owed its origin to closure 
of one of the lactone rings. That this was indeed the case was proved 
by microtitration of a specimen of the 2:4 dinitrophenylhydrazone 
following the method of Clift and Cook (1932). 

7-8 mgm. dissolved in 5 c.c. of N/lOO sodium hydroxide 
required for back titration 3-60 c.c. of N/lOO hydro¬ 
chloric acid, 

alkali neutralised == 1*40 c.c. 

Assuming the presence of 1 car¬ 
boxyl group, C 24 H 840 n]S '4 
requires . 1*39 c.c. 

As already pointed out, there is considerable experimental 
support for considering the ketonic function in Vermeeric acid to 
arise through keto-enol tautomerism involving an oxygen atom which 
in its enol form is capable of lactonising with a carboxyl group. It 
is thus understandable that during the preparation of the 2:4 dini¬ 
trophenylhydrazone of Vermeeric acid, only one lactone ring closes 
whilst one oxygen atom reacts to form the desired derivative. The 
2:4 dinitrophenylhydrazone is readily soluble in sodium carbonate 
solution, which demonstrates the presence of an acidic function in 
the molecule. 


Oxidative Degradation of Vermeeric Acid. 


0*5 gm. of the toxic acidic oil was dissolved in 5 per cent, sodium 
carbonate solution, and to this solution, whilst boiling, was added 
gradually 40 c.c. of 0*25 N potassium permanganate. On filtration 
and distillation of the alkaline reaction mixture, a distillate was 
obtained which gave only the faintest trace of turbidity with Brady’s 
reagent. 

The residual alkaline solution was then extracted thoroughly 
with ether which removed a substance remaining behind as a colour¬ 
less oil when the solvent evaporated. This material afforded an 
immediate precipitate of a 2:4 dinitrophenylhydrazone with Brady’s 
reagent. The derivative was washed well and crystallised from hot 
dilute alcohol in yellow needles, M.P. 160®. It proved to be 
identical with acetaldehyde 2:4 dinitrophenylhydrazone. 


Micro-analysis: 



c. 

H. 

N. 

Found. 

.... 42-99 

3-73 

24-40 

CgH 804 N 4 requires. 

.... 42-86 

3-60 

25-00 


Mixed with authentic acetaldehyde 2:4 dinitrophenylhydrazone of 
M.P. 159-161® it melted without depression at 159-161®. The yield 
was 0*23 gm. 

After making acid by ether, the residual main solution was agaip 
extracted and yielded to ether a small quantity of an acid which was 
Eventually obtained from acetone 1^, aggregates of needles, M.P. 
220-30® but the quantity was insufficient for analysis. 
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These results are purely preliminary but serve to demonstrate 
the close similarity betAveeii Vermeeric acid and Geigerin. Further 
work upon the constitution of these substances will be undertaken 
at a later date. 


Summarising the chejuical informal ion so far obtained, one 
may represent the three substances Geigerin, Vermeeric acid and 
Vermeerin as follows, an indication being given of the possible 
involvement of one atom of oxygen in a keto-enol tautomerism. 


Geigerin, CJ6H20O4. 

CO 

I 




-0 

-0 


-CO 

, I 

..r C„H „0 J. -0 


-OHXl = 0 + H to ring. 


\'erme<*rie acid, CigHggO^. 


^ 16^24 


f—COOH 
—COOH 

< —OH or Ci^,H 240 

-OH 
^=0 


—COOH 

—COOH 

1 —OH 

—OH:^ = 0 X H to ring. 


Vermeerin, ^isHaiOs. 


CO 




I « 

- Vi) 

I 

I 


SrMMARY. 

1. The toxic principle of the Vermeerbos, Geigeria aspera, has 
been isolated. It is a dibasic acid CigHagOT and has been named 
‘‘ Vermeeric acid On standing in the air, Vermeeric acid 
gradually loses two molecules of w^ater forming the crystalline dilac¬ 
tone “ Vermeerin ” C,gH 3405 . 

r 1 

2 . Vermeerin has M.P. 143® L^J ^ -50*51® but 

Vermeeric acid is o])tically inactive. 

3. Both substances, like Geigerin, give a colour reaction with 
hydrochloric acid but the colour is browner, and in the case of 
Vermeerin it is of very slight intensity. An absorption band at 
540*5 m/^ could be distinguished and two other bands were faintly 
discernible. 
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4. Vermeeric acid forms a 2:4 diuitropheuylhydrazone soluble 
in sodium carbonate and rejjrecipitated by acids. This derivative 
appears to contain H 2 O less than that expected upon the assumption 
of a simple reaction and it is thought probable that closure of one 
lactone ring simultaneously occurs. Vermeerin when treated with 
hot Brady’s reagent reacts to such a very slight extent t*hat the 
absence of any ketonic or keto-enolic function is infered in the 
undeconfposed substance. 

5. ' Vermeeric acid decolorises potassium permanganate in the 
cold. By oxidation with this reagent in alkaline solution at the 
boiling temperature there was obtained an acid crystallising in small 
jirismatic needles M.P. 229-80® and a substance which when treated 
with cold dilute acid immediately liberated acetaldehyde, the 2:4 
dinitrophenylhydrazone of which was prepared for identification. 

6. Ac(‘om])anying Vermeeric acid in the plant were found two 
flavone-like substances, the one with M.P. 269-71® being, in all 
probability C, 7 H, 20 fl(CH 30 ) 2 , the other, M.P. 243-4®, having the 
formula CioHigOy (meihoxyl not determined). 

7. Vermeeric acid drenched to sheep in doses of 10 to lo gm. 
causes death from acute vermeersiekte within 6 to 48 hours. 
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Studies in Mineral Metabolism XXXV. 


The Role of Iodine in the Nutrition of Sheep. 


By A. 1. MALAN, P. .T. DU TOIT, and J. W. GROKNEWALU, 
Section of Biochemistry, Onderste-poort. 


iKTRODrcnoN. 

Work on the feeding: of KI to sheep was be^uii a( this Institute in 
1929, mainly with the object of collectinp: information on the advis¬ 
ability of incorporating: iodine in licks—a custom which was then 
being* practised on a fairly extensive s(;ale both in this country and 
abroad by stockmen. The results of the first investigation (1932) 
suggested : — 

(1) That the administration of *02 grni. KI daily to r>hee]) 
affected their weight increase adversely when the diet contained iti- 
sufficient phosphorus. 

(2) That on an adequate ration the iodine su])])lement was 
without effect on body weight. 

(3) That reprodu(*tion was apparently interfered with and became 
abnormal in regard to l>oth the gestation period and the health and 
vitality of the offspring, when iodine was given, irrespective of the 
presence or absence of sufficient phosphorus in the diet. Tlie^^e results 
might obviously have been influenced by the quantity of potassium 
iodide given and hence in a subsequent experiment (193o) *002 grin. 
KI per head per day was given to a group of sheep, '02 grin, to a 
second group and *06 grm. to a third, while (nmiplete records were 
kept of the oestrous cycle of all the animals. The phosphorus intake 
was adequate and the same in all the groups. It was further realised 
that the results of the first investigation were probably complicated 
by the low vitamin A content of the diet which was rectified in the 
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subsequent work. The results of this experiment showed that oestrum 
was normal in all the groups and that the KI was without effect 
on the bodyweight of the sheep. In regard to reproduction, however, 
the results, although by no means as unsatisfactory as in the first 
investigation, left much to be desired and suggested that the protein 
of the basal ration of maize and hay w^as apparently either inadequate 
or too poor in quality for normal reproduction and lactation. Hence 
the present experiment was planned to determine the effect of iodine 
in the ration of sheep when only poor quality protein was available 
and secondly when in addition the supply of vitamin A was low or 
inadequate as might and often does occur under conditions of prac¬ 
tical farming in this country. 


DF/rAiLs OP Experiment. 

The remaining 28 ewes used in the jirevious experiment on iodine 
feeding mentioned above were re-divided into four groups each con¬ 
sisting of seven approximately even and uniform animals. The 
number of animals in each group was increased to 10 with ewes of 
the same age and conformation as those already available. 

The four groups of 10 sheei) were placed on the following 
rations: — 

Groups, RcUions, 

1 Hay orf Uby 225 grm samp and *05 grm KI, 

2 Ration of group 1 plus 200 grm green feed. 

3 Ration of group 2 plus 60 grm blood meal. 

4 Ration of group 3 but omitting the K f 

• 

10 grm. bonemeal w^ere added daily to the ration of each sheep. 

The management and individual feeding of the sJieep were essen¬ 
tially the same as in the earlier work of which the details were given 
in the first publication (1934). The samp (maize endosperm )waH 
almost always completely consumed and this ensured the regular 
ingestion of the KI which’ was added in solution to the maize after 
the latter had been weighed and placed in the feeding boxes. The 
green feed in groups 1, 2 and 3 was given in separate feeding boxes 
in the individual feeding pens in which all the sheep were placed 
daily at 2 p.m. and left until 8.30 a.m. the following morning. Hay 
was available in racks in the common run to which the sheep had 
free access when they were not in the feeding boxes. Water was 
always available in the common gravelled paddock. The experiment 
w'as continued long enough for jfull observations on one period of 
reproduction and lactation; it was started in February, 1935, and 
concluded at the end of February, 1936. 

As in the previous work observations were made on weight in¬ 
crease, food consumption, wool production and reproduction. In 
view of the regularity of oestrum, previously observed, further obser¬ 
vations were not made in regard to this matter but the ewes were 
verved in May, 193(5, when all except one became pregnant. 
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Results. 

(1) Bodyw&iglit. 

The sheep were weighed at monthly intervals and the average 
weights per group are given in figure 1 below. The weight of the 
non-pregnant ewe in group 4 is not included in the curve for t^at 
group. 



Group 1 
Group 2 
Group 3 


-Group 4 


In order to compare the effects of lambing on bodyweiglit in the 
different groups the W'eights of all the sheep just prior to lambing 
were averaged for the separate groups and the averages ])lotted on 
the same ordinate. By this means the curves are more diretdly com¬ 
parable as the gestation periods of all the sheep but one, which was 
not pregnant, and the lactation periods of those that reared lambs 
are made to synchronize. The effect of shearing is indicated by a 
perpendicular drop in the curves of October, 1935. 
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A glance at Figure 1 indicates that groups 3 and 4 receiving a 
protein supplement of 50 grms. bloodmeal daily differed significantly 
from the other two groups in weight. As no difference in bodyweight 
existed between these two groups prior to lambing, however, their 
more rapid increase in weight cannot he associated with the KI 
supplement which only one of the two groups was receiving but with 
the greater nutritive value of the blood meal diet. Group 4 was 
apparently more adversely affected by lambing and lactation than 
group 3 but this is readily explained by the fact that the former 
group reared 8 lambs and the latter only 5, which would naturally 
favour weight increase in group 3 subsequent to lambing. When 
groups ] and 2 are compared it would seem that the presence of 
greenfeed in the latter group had no noticeable effect on weight in¬ 
crease at any stage of the experiment. When the post parturition 
periods of all four groups are compared it is seen that the weights of 
the animals in group 4, which reared the largest number of lambs, 
continued to drop, while the others showed an earlier recovery. 


(2) Weight of Lnmhs, 


Weekly body weights of the lambs were taken as these might 
serve to indicate the milk production of the ewes. The weights are 
given in Table 1 below: — 


^koupl. 


Tabus 1. 


No. 

of 

Ewe. 

Gestation 

Period. 

Days. 

Sex 

of 

Lamb. 

Weights of Lambs. 

Remarks. 

Birth Wt. 

14th Day. 

2lRt Day. 

50th Day. 




lb. 

lb. 

lb. 

fb. 


32000. 

153 

Ewo 

7 

_ 

_ 

_ 

Died two days after 








birth. 

41795. 

154 

Ram 

6 

— 

— 

— 

Died one day after 








birth 

32917. 

149 

Twin f 

5 

— 

— 

— 

Died one day after 



Ewes \ 

3-5 

— 

— 

— 

birth. 

32916. 

149 

Ewe 

6 

9*5 

10*5 

15 

— 

41825. 

147 

Ram 

5-8 

— 

— 


Died one day after 








birth. 

32888. 

151 

Ewe 

7-5 

— 

— 

— 

Died one day after 








birth. 

41787. 

150 

Ewe 

7 

15 

17 

22*5 

— 

.32885. 

149 

Ram 

6 

— 

— 

— 

Died three days after 








birth. 

32905. 

146 

Ram 

5 

— 

— 

— 

Died three days after 








birth. 

32889':' 


— 

— 


— 

— 

Ewe died at begin¬ 








ning of experiment. 


Total. 


38>8 

24-5 

27'6 

37‘5 



Avbbaqb.. 


5*9 

12-3 

' \ 

13-8 

18-7 
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Oroup II 


No. 

of 

Ewe. ! 

Gestation 

Period. 

Bays. 

Sex 

of 

Ijamb. 

Weights of Lambs. 

Remarks. 

Birth Wt. 

14th Day. 

2l8t Day. 

50th Day. 




lb. 

lb. 

lb. 

lb. 


32887. 

149 

Ram 

6-6 

9-5 

11 

16 

_ 

32902. 

150 

Ram 

6-5 

16-6 

16-5 

22-6 

— 

41603. 

161 

Ewe 

5-5 

— 

— 

— 

Died one day after 








birth. 

41868. 

147 

Ram 

6*5 

— 



Died two days after 








birth. 

32911. 

151 

Ram 

9 

— 

— 1 

— 

Born dead. 

32896. 

151 

Ewe 

7*5 

13-5 

15 

22 

— 

31817. 

151 

Ewe 

6-8 

13-5 

16 

19 


32893. 

153 

Ewe 

7 

13 

15-6 

22 

- 

32891. 

152 

Ram 

7-5 

9-8 

10*6 

15-0 

__ 

32906. 

— 

Ewe 

7-2 

15-6 

16-5 

21-5 

— 


Total. 


70 

91-3 

100-0 

138-0 



Average.. 


7 

13*0 

14-3 

19-7 



fkoup 111 


32904. 

148 

Ram 

7-5 

17-0 

s 19-0 

22-5 1 


32896. 

150 

Ram 

8-4 

— 

— 

— 

Died one day after 







i 

birth. 

32907. 

153 

Ewe 

7-0 


— 

— 

Died two days after 








birth. 

41698. 

150 

— 

8-5 

— 

— 

— 

Born dead. 

41789. 

152 

Ewe 

8-5 

15-0 

18-5 

235- ! 

— 

41881. 

167 

Ewe 

6-5 

8-0 

8-5 


— 

32903. 

160 

Ram 

7-5 

15-0 

17-0 

23-5 ; 

- 

32894. 

149 

Ram 

8-0 

13-0 

14-5 

18-0 ; 

— 

32894. 

149 

Ram 

8-0 

13-0 

14-5 

18-0 

— 

32908. 

156 

Ram 

8-5 

— 

— 

— 

Born dead. 


Total. 


70-4 

68-0 

77-6 

85-5 



Average.. 


7-8 

13-6 

15-5 

21-8 



Oroup IV 


32886. 

154 

Ewe 

7-5 

22-0 

22-5 

27-5 


32898. 

153 

Ram 

6-6 

15-5 

17-5 

19-5 

— 

32883. 

_ 

_ 

_ 

— 

— 

— 

Ewe died at begin- 








ning of experiment. 

42020. 

151 

Twin r 

5-0 

— 

— 

— 

Died one day aftei- 



Ram8\ 

6-5 

10-6 

13-5 

16-0 

birth. 

32901. 

128 

Ewe 

6-5 

13-0 

15-0 

21-0 

— 

41798. 

— 

— 

— 

— 

— 

— 

Not pregnant. 

32910. 

152 

Ewe 

7-0 

16-0 

16-6 

23-0 

— 

32914. 

150 

Ewe 1 

7-5 

10-0 

13-0 

21-0 j 

— 

41764. 

_ 

_ 

_ 

17-0 

20-0 

28-0 


32897. 

155 

Ram 

8-5 

10-0 

13-0 

21-0 j 

— 


Total. 


54-0 

1130 

131-0 

177-0 



Ayibagb.. 


6-7 

14-1 

16-4 

22-1 



627 










TODIIVK IN THE NUTRITION OE SHEET. 


The number of lambH reared in this experiment is too small to 
justify conclusions being drawn; in group 1 for instance only two 
lambs remained alive. One point is remarkable, however, viz. that 
in group 4, where 8 lambs were reared, all were strong and showed 
an increase which is perhaps just suggestive of better feeding condi¬ 
tions in this group than in group 2, for instance, w^here at least two 
lambs were below normal w^eight seven w^eeks after birth. Although 
milk production is admittedly important the available information, 
due mainly to the comparatively large number of lambs that did not 
survive the lactation period, is insufficient to justify definite con¬ 
clusions in regard to the milk yield of the ew^es as judged by the 
w'eight increase of the lambs. 


Food Con .S'?/ vhption . 


The food consumption of the individual animals was rec'orded 
by wreighing back all the feed left over in the feeding boxes at weekly 
intervals. From the following figures which represent the per¬ 
centages of food eaten per group for the full period it is obvious that 
no significant difference exists between the groups. 

Groups. Maize Eaten. Green Feed Eaten. 

1 . 86 per cent. No green feed given. 

2 . 86 per cent. 98*3 per cent. 

3 . 90 per ct‘nt. 99 per cent.. 

4 . 92 per cent. 98 per cent. 


The absence of significant differences in the quantities of maize 
and green teed consumed by the respective groups indicates that 
groups and 4 were daily consuming the additional protein con¬ 
tained in the 50 grm. of blood meal given, over and above that con¬ 
tained in the rest of the ration. Although this additional protein 
effected a more rapid increase in weight during pregnaru'y it was 
apparently without effect on the w’^eight during lactation, during the 
first month of whi(h all the' groups show^ed remarkable' decreases in 
w’eight. Hay was consumed at the rate of approximately 1*5 lb. 
per head jier day. 


W ool Prodvetion . 

The weights of wool produced are given in Table 2. 

A glan(‘.e at Table 2 reveals that groups and 4 receiving the 
extra protein in their ration produced significantly more wool per 
head than groups 1 or 2 on maize and hay. This result confirms the 
observation made in regard to body weight that half a pound of 
maize, and hay of the quality usually available in this country, even 
if given ad lib, do not supply sufficient i)rotein for wool production 
and reproduction. . 
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Taule 2. 


Weights of Wool in Kgs. 



Group 1. 

Group 2. 

Group 3. 

Group 4. 



Wt. 


Wt. 


Wt. 


Wt. 


Nos. 

of 

Nos. 

of 

Nos. 

of 

Nos. 

of 



Wool. 


Wool. 


Wool. 


Wool. 


32900.... 

3-6 

32887... 

3-8 

32904... 

41 

32886... 

4-3 


41795.... 

2-9 

32902... 

2*7 

32895... 

3-6 

32898... 

50 


32917.... 


41693... 

3-2 

3207... 

3*8 

32883... 

SI 


32916.... 

3-4 

41868... 

3*6 

41698... 

4-3 

42020... 

3-6 


41825.... 

3*2 

32911... 

4-3 

41789... 

3-6 

32901... 

4-6 


32888,... 

41 

32896... 

41 

41881... 

5*5 

41798... 

50 


41787.... 

3*2 

41817... 

3*4 

32903... 

50 

32910... 

4-3 

32885.... 

4*3 

32893... 

41 

32894... 

4-5 ‘ 

32914... 

50 

32905.... 

SI 

32891... 

3-6 

32908... 

4-3 

41754... 

3-4 

32889.... 

SI 

32906... 


— 

— 

32897... 

4-^ 

Totals. 

24-7 


36-4 


34-6 


40-0 

Avbbages. 

3-5 


3-6 


4-3 

I 

4-4 


1 









It must be pointed out, however, that the weights of the grease 
wool are given in Table 2 and that the increased wool production in 
groups d and 4 must be regarded as tentative until further studies on 
the fleeces have been completed. 


The K1 supplement given to all the groups except 4 was clearly 
without effect on the weights of the w^ool produced. 


lieprodvctiou. 

Details in regard to reproduction are given in Table 1. 


Table 1 reveals several interesting points: With the exception 
of group 4 where no KI was given reproduction was very unsatis¬ 
factory. In group I where greenfeed was omitted and vitamin A 
deficient only 2 lambs of the nine born survived. In groups 2 and d 
receiving greenfeed and greenfeed plus bloodmeal respectively repro¬ 
duction was not normal. In group 4 where 8 ewes lambed, 9 lambs 
were born, while one of the twin lambs died 3 days after birth. It 
is remarkable that reprodiujtion was poor only in the three groups 
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receiving supplements of KI irrespective of other factors such as for 
instance absence of greenfeed in group 1, or supplementary protein 
feeding in group r3. The results have been summarize^ as follows: — 


Groups. 

Remarks on Treatment. 

Remarks on‘ Production. 

1. 

Hay, maize and KI given. Vita¬ 
min A very low ; protein poor in 
quality 

All the ewes lambed; 7 lambs died 
within 3 days apd 2 lambs reached 
the age of 7 webks when they were 
discharged. 

9. 

Hay, maize, greenfeed and Ki. 
Vitamin A adequate but protein 
still poor in quality 

All the ewes lambed; 3 lambs 

died within 3 reached 

age of 7 weeks ^discharged). 


3. 

Hay, maize, greenfeed, bloodmeal 
and KI; quantity and quality of 
protein improved 

All the ewes lambed; 4 iambs died 
within 3 days, and 5 were dis¬ 
charged at 7 weeks. 

4. 

Hay, maize, greenfeed and blood- 
meal. The ration is the same as 
that of Group 3, except that KI 
was omitted 

One ewe not pregnant and one die<l 
in the course of the exj>eriment. 
All the other ewas lambed. Of the 
9 lambs born (1 pair of twins), 
1 of the twins died, 3 days after 
birth. All the other were dis- 
<‘harged when 7 weeks old. 


Discussion, 

The bodyweights and data on food consumption can justifiably 
be dismissed without further discussion as the difference in body- 
weights between groups 3 and 4 on the one hand and 1 and 2 on the 
other was not associated with the K1 supplements, as already stated. 

In regard to reproduction, however, the best group, as judged 
by the number of lambs reared was the one which did not receive KI 
in its ration. In the poorest group, viz. group 1, the vitamin A 
intake was too low for normal reproduction (Malan et al 1932) and 
it would again appear as in the earlier work just quoted that the 
vitamin A deficiency intensified the deleterious effect on reproduction 
of the KI in the ration. It is clear, however, from the results 
obtained in group 2, as was also concluded from the 1935 experiment, 
that the supply of 200 grm. greenfeed per animal |)er day, which 
provided adequate vitamin A, as reference to the vitamin A content 
of the liver wdll verify, improved but did n<|t remove the 
cause of poor reproduction. The addition of bloodmeiil to the ration, 
as was done in group 3, brought about no further improvement until 
the KI was omitted from the ration (group 4), w’h^n reproduction 
w^as significantly benefitted. Although the ration of group 4 con¬ 
tained bloodmeal it could probably easily be improved upon both in 
quality and palatability. Still, reproduction in this jgroup was very 
satisfactory in spite of the one lamo of twins dying a few days after 
birth. On the addition of KI to this ration, howpver (group 3), 
reproduction was decidedly abnormal with 4 lambs lifing less than 3 
days. As a matter of fact the effect of the bloodhael supplement 
seems to have been entirely masked by the deleterious effects of the 
KI supplement in group 3. 
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In the absence of an ideal ration it is impossible to state from a 
consideration of the available data that *05 grm. KI administered 
daily to^ sheep will produce deleterious effecits on reproduction under 
all conditions, but there can be no doubt that the only common factor 
in all three groups, showing unsatisfactory reproduction was the KI 
supplement, which on being omitted improved reproduction very 
considerably and significantly. The number of animals in the diffe¬ 
rent groups is small for an experiment of this nature where many 
incidental factors might influence the rearing of lambs, especially 
when deleterious fa(‘tors have been introduced. No final conclusion 
can be drawm in regard to the effect of KI on milk production. 


Vifaimn A (Content of TAvers. 

The vitamin A content of the livers of some of the lambs that 
died, was determined according to the method of Rosenthal & Krdelyi 
(1984) with remarkable lesults. The livers of four lambs in group 1 
showed no vitamin A or only slight traces. 

100 KMnO, sohition was used as the standard colour against 
which the colour due to the ])resence of vitamin A was read in a 50 
mm. Leitz colorimeter, the standard being placed at 10 on the milli¬ 
meter scale, Headings to about 40 on the min. scale could easily be 
taken and a trace is intended to mean a slight coloration but too ill- 
defined to l)e (•omj)nred with the KMnO, solution. 

It should be remembered that the quantity ot vitamin A ])resent 
is inversely proportional to the colorimetric reading; a trace indicates 
a reading greater than 40 against the Standard at 10 wdiile stronger 
solutions can he expressed in terms of their colorimetric readings. 
75 grm. of liver were used for each determination and the comparative 
quantities of vitamin A were then calculated for the total weight of 
liver a.s follows:—- 

(reading of standard ^ total w eight of liver) 

(reading of unknown 75 ) 

The values so obtained are obviously now’ directly pro])ortional 
to the vitamin A content of the liver. 

In groups 8 and 4 where greenfeed was given to the ewes the 
average values of the livers of the animals killed was approximately 
250 w'hile the comparative value of those killed in group 1 was not 
more than 10, suggesting that the vitamin A of the livers of the 
sheep in the latter group was only alx)ut a twenty-fifth of that of the 
two former groups. The livers of the lambs of the ewes in the groups 
mentioned show’ similar differences, as would be anticipated from tlie 
fact that the intake of one grou]) was practically devoid of carotene 
while the other groups received daily approximately 20 mgm. carotene 
per head in the greenfeed, as determined by chemical analysis. 
Vitamin A is apparently supplied by the mother to foetus as was also 
observed and verified in the case of rats by Dann (1934). The livers 
of the lambs in group 1 contained little or no vitamin A and the 
livers of the mothers were practically devoid of it. 

531 



lOJllNK IN THE NUTKITION OF SHEEF. 


SuMMAttT ANi) Conclusions. 

When the daily ration of Merino ewes contained 05 gni. KI 
for a period of about twelve months no effects were observed in body- 
weight and food consumption, lleproduction was, however, abnormal 
in all the groups receiving the Kl supplement, the effects of which 
were more pronouncedly deleterious in sheep on a carotene low diet 
than when 200 grin, greenfeed were supplied daily. The response to 
increased protein feeding in the form of bloodmeal was marked by 
the detrimental effe(*t of KI on leproduction. As all the rations can 
easily be improved both in quality and palatability it cannot be in¬ 
ferred that the quantity of KI given will affect reproduction in 
sheep adversely under ideal feeding conditions. The conclusion is 
justified, however, that when greenfeed is absent or inadeciuate as 
frequently happens in practice good quality protein is not available 
and the incorporation of KI in sheep licks is distinctly dangerous 
and may even cause losses due to abnormal reproduction. 
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The Occurrence of Congenital Porphyrinuria 
(Pink Tooth) in Cattle in South Africa 
(Swaziland). 


By P. J. J. FOUBIE, Section of Hygiene, Onderstepoort. 


INTRODUCTION. 

This communication deals with a grade short horn herd, in which 
some 13 cases of what has been diagnosed as congenital porphyrinuria 
occured after the intix)duction of a certain short horn bull as sire. 
The bull himself does not show’ any symptoms of the condition. 
In addition to the occurrence of the condition, the symptomatology 
and haematology of four clinical cases, as well as the pathology of 
tw^o other (uises wdll be discjussed. The nature of the pigments 
present in the blood, urine, faeces (one case) and various organs 
(2 cases) wdll be discussed independently by Rimington elsewhere in 
this journal from the chemical point of view*. 

Congenital porphyrinuria is an abnormality in pigment meta¬ 
bolism, which rarely occurs in man and some animals, Gunther 
(1925) devotes an entire chapter to the discussion of the whole 
condition under the heading ‘‘ Haematoporphyrie The abnor¬ 
mality is very extensively reviewed, particularly as it occurs in man. 
lie points out that haematoporphyrinuria can only be regarded as 
being present when abnormal quantities of porphyrins are indentified 
in the urine, as traces occur normally in urine. Even when in 
various diseases, porphyrins are present in the urine somew^hat in 
excess of the normal amounts, one cannot speak of a haematopor¬ 
phyrinuria, and their presence in urine and faeces in certain organ 
diseases, is of no diagnostic significance from a clinical point of 
view. When abnormal amounts of porphyrins are present, it 
indicates a constitutional anomaly in pigment metabolism. Such 
individuals have a tendencv towards nervous irritability, sleeplessness 
and neurosis. 

Clinically Gunther recognises two forms of the condition: (1) 
Acute haematoporphyrinuria, which comprises (a) the idiopathic 
form, and (b) the toxic form; (2) congenital haematoporphyrinuria. 
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Qa) Acute idiopathic haenmtoporphyrinuria. —Alth<)Ug:^h a 
hereditary tendency is not well iharked in the acute idiopathic 
cases, the case of Barker and Estes, quoted by Gunther is 
nevertheless significant, as four sisters developed symptoms of 
the condition at more or less the same age (18 to 22 years). There 
would seem to be evidence that the mother and grandmother (of 
these four sisters) on the mothers side, had attacks of vomit ion, 
colic, obstipation and discolouration of the urine. Nervous disorders 
seem to occur in families of afi’ected individuals. The symptoms 
include: intestinal disturbances—spasm of portions of the small 
intestine, atony of other portions of gastro-ontestinal canal, with 
severe constipation; nervous disturbances—sleeplessness, paralysis, 
etc., markedly increased excretion of what is described as 
haematoporphyrin in urine and faeces, at the time of the aimie 
attack, but the subsidence of the excretion of these substances during 
the intervals between attacks; pigmentation of the skin; no well 
defined changes are regularly present in the blood, photosensitization 
is absent. Intervals between attacks vary from weeks, months, to 
one to two years and more. Pigmentation of the bones is not a 
characteristic of this form of the condition. The cause is not known. 

(1ft) Acute toxic haematoporphynnunla .—These acute toxic 
cases are differentiated from the idiopathic form in that the 
use of substances such as sulphonal and trianol bring on the 
attacks which are usually fatal, ending in ascending paralysis. 
Gunther would . seem to suggest that the ' insomnia which 
leads to the abuse of these narcotics may indicate a constitutional 
abnormality in which the use of the djugs mentioned would result 
in an acute attack of haematoporphyrinuria. The use of sulphonal 
favours attacks especially in women. 

2. Congenital haeniaioporphyrinuria ,—Whereas in the acute 
form 92 per cent, of the reported cases were females, the congenital 
form seems to occur more frequently in males (78 per cent.). Cases 
have repeatedly been found in more than one member of the same 
family and the presen(‘.e of a hereditary factor is suggested, but 
not yet definitely established. In one case (also Gray^s 1920 case) 
the parents were related. The symptoms are: (1) Photosensitization, 
especially during spring, producing lesions of exposed parts of the 
skin (Hydroa Aestivale), particularly of the ears, nose, cheeks, 
eyelids, upper lip, fingers, the back of the hand, nails. These 
lesions may produce very marked disfiguration and deformity. It is 
remarkable that lesions do not occur on the chin and the mouth 
region. There is pigmentation of the skin, hypertrichosis, frequently 
with excessive growth of hair under the arms, eyebrows, beard from 
the chin and sometimes of the pubic hairs. The hair of the head 
may be coarse. 

A* 

(2) The excretion of porphyrins in urine and faeces. The urine 
is of reddish brown colour. The brownish discolouration is due to 
the temporai^’^ presence of large amounts of urobilin and urofuscin. 
In one case (Fischer and Schumm) quoted by Gunther, the crude 
porf^yriBs determined quantitatively were, excreted in unc-hanged 
ansnuntii for a period of three years. In some caees porphyrins are 
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present in the serum. Sehumm, quoted by G^unther, found amojigst 
others, uroporphyrin, whilst Fischer also quoted by Giinther, believes 
that Coproporphyrin is i)re8ent in the serum. Sweat and saliva aj*e 
free from porphyrins. The teeth maj^ be yellowish white, the roo1^ 
leddish brown. 

In sdme cases [Mackey and Garrod (1922) and (1920) and Ashby 
(1920)J the temporary and permanent teeth are pink. There is 
dark brown discolouration of the bones whilst tendons and ligaments 
remain unpigmented. In some cases there is a severe anaemia 
(anisocytosis, poikilicytosis, polychromasia, punctate basophilia) 
whilst in others normal counts are present. The course of the 
disease is influenced by a number of factors. Some individuals reach 
ages of 50 and 05 years, others die younger from some intercurrent 
disease, but if sufferers from the condition take certain precautions 
to pi’otect themselves against harmful rays, the bad effects of the 
condition can be controlled to a considerable extent. Up to that 
time no clinical case in an animal was available for examination 
and study. 

Qarrod (1892) has shown that haematoporphyrin is frequently 
present in minute Jimounts in healthy individuals and in larger 
amounts in urines of sufferers from a great variety of diseases. 

Mackey and GarK)d (1922) and (1920) describe a case of con¬ 
genital porphyrinuria in a boy in whom at 4^ years of age there 
was delayed ossification of the ulna and some carpal bones, but 
ossification was normal at 9J years. There is excessive vulnerability 
of the skin to slight injuries, for instance the rubbing of the ear 
with cotton-wool soaked in spirits, produces a bleeding surface. 
Later on the sph^en and the liver become enlarged. The number 
of red cells remained at a level round about 4*5 millions when 
counted in 1921, 1925 and 1926. There are no gross changes in the 
differential counts, but there would S€'em to be an increase in the 
num])er of cells described as endothelials. There is anisocytosis, 
poikilocytosis, polychromasia, punctate basophilia and normoblasts. 
In confirmation of the views expressed by Price Jones and Robitschek, 
quoted by Mackey and Garrod (1926), these changes are interpreted 
as being indicative of an actively functioning bone marrow. This 
is regarded as a compensatory reaction to haemolysis which is taking 
place, but it is not believed that haemoglobin fioiu broken down 
corpuscles is the parent substance of the porphyrins excreted. The 
hyperactivity of the bone marix)w maintains the red cells at a fairly 
high level, so that no anaemia develops in spite of haemolysis, 
which is thought, may be due to the action of light on the sensitized 
blood in the peripheral circulation. The authors quote Sehumm 
and Fischer who have shown that the staining of the bones is due 
to uroporphyrin and not to coproporphyrin. The authors claim 
that at that time their case and that of Ashby (1924), are the only 
ones amongst the recorded congenital porphyrinuria cases, in which 
there is conspicuous discolouration of the teeth including the enamel. 
They are inclined to believe that the explanation for this is that 
large amounts of porphyrins were available for staining these 
structures at the time they were being formed even during foetal 
life. 
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In the case of Ashby (1924) already referred to there is in 
addition to the pink teeth, also photosensitization and red urine. 
These changes were present at birth. A cream containing quinine 
seems to protect the skin against the harmful rays. Gray (1920) 
describes a case in a girl, who was apparently healthy up to 5 
years of age. In addition to the preseiKie of red urine, skin lesions, 
yellowish brown teeth, there is considerable hirsuties on the exposed 
parts of the body. She is one of a family of seven, all of whom 
are free from the disease, but the parents are first cousins. 

Garrod (1923) points out that of the few known cases of congenital 
porphyrinuria in humans, in several instances more than one member 
of the same family siiftered from the same complaint. This is 
apparently the only evidence suggestive of the possible hereditary 
nature of the condition, apart from other factors, wSuch as its greater 
incidence in males, in which respect it strongly resembles other 
conditions such as albinism and alcaptonuria which are thought to 
be transmitted as letiessive hereditary characters. Garrod is inclined 
to agree with Fischer who, at that time, favoured the view thai 
porphyrin is an intermediate product in the (Minversion of haemoglobin 
into bilirubin. 

Mason, Courville and Ziskind (1933) state that in all 27 cases 
of congenital porphyrinuria are recorded. They describe four cases 
of the acute idiopathic type of the disease. The symptoms rec.oided 
include, amongst others, abnormal urine, abdominal jiain, disturb¬ 
ances of the nervous system, with parenchymatous degeneration of 
peripheral nerves, ganglion cells of dorsal root and sympathetic 
ganglia and central nervous system, ending sometimes in death 
from ascending paralysis. * 

Borst and Kdningsdorffer (1929) give a very exhaustive des¬ 
cription of the pathology of the case Petry. Further reference will 
subsequently be made to their pathological findings and to their 
views on the pathogenesis of the condition. 

Hegler, Fraenkel and Schumra (1913) describe a case of a young 
woman in whom photosensitization was absent, there was no red 
urine at the time of the examination, but on post mortem examination 
the bones were found to be discoloured. 

Fraenkel (1923) injected porphyrins prepared from the urine of 
Petry into experimental animals. The pigment was deposited in 
growing bone and he was further able to show that after fractures 
111 adult animals, pigment was deposited only in the callus and not 
in the rest of the skeletal bones. He is of opinion that pigment 
once laid down in bone, remains permanently. He states that all 
cases of congenital porphyrinuria in man are not photosensitive and 
this he also finds in experimental cases. 

Fischer, Hilmer, Lindner, & Piitzer’s (1925) work concerning the 
porphyrins present in Petry, is adequately reviewed by Rimihgton 
elsewhere in this journal. 
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Turning now to the recorded cuses in domesticated animals 
(bovines and swine), as far as one can make out from the descriptions 
given, there is not a single instance in which an animal showing 
clinical symptoms was available for examination. In spite of the 
fact that Tappeiner (1885) (paper not available) quoted by Poulsen 
(1910) and Schmey (1913), showed that a pigment which he described 
as haematoporphyrin, is present in hone of a swine, which had 
socalled ochronosis, confusion of this condition in animals with 
true ochronosis of humans was maintained in veterinary literature 
for a number of years [see the cases of Moselman and nebrant(1898), 
Remy, Brouvier and others quoted by Schmey (1913) ). 

Mettam (1910) (pig) and Witte (1914) (bull and calf) describe 
as ochronosis what are almost certainly true cases of porphyria. 
Witte’s cases are of special interest in that the affected bull was 
the sire of an affected calf, but a calf from the same bull out of a 
different cow was normal. 

I\)ulsen (1910) was the fiist author to recognise that ochronosis 
of animals and man are two entirely different conditions. Whereas 
in man the pigjrient in ochronosis is melanin, in the* ochronosis as 
des(uibed in animals the x^igiR^ids are haeiriosiderin and haemato- 
l)or])hyrin. Jn man the bones as well as tendons, ligaments and 
(*ar<ilage are pigmented, whereas in animals only the bones are 
pigmented and tendons, cartilage and ligaments are entirely free 
from })igment. 

Schme> (1913) briefly reviews human cases of ochronowsis but 
gives full details of 15 cases of ochronosis described up to that 
time in animals. He quotes the spectroscopic* examination of the 
])igment according to various authors: (1) Moselman and Ilebrant 
(1898)—heifer—melanin. [Poulson (1910) states that the chemical 
reactions desitribed and the spectroscopic measurements recorded by 
these authors, do not justify them in concluding that they were 
dealing with the pigment melanin). 

(2) Poulson (1910)—<*ase No. 3—cow—haematoporphyrin in 
Inmes (haemosiderin in bone mariow). 

(3) Tappeiner (1885)—bones of a pig—haematoporphyrin. 

(4) Ingier (1911) (2) —pig—not a blood pigment—probably 
melanin or a derivative of chlorophyll. 

(5) His own cases (1912)—2 pigs—haemoglobin derivative, 
probably that of acid haematin, but not haematoporphyrin. (The 
two bands which he describes may equally well be that of acid 
uroporphyrin as that of acid haematin). 

Schmey further quotes Schenk and Colberg each of whom 
describes discolouration of the enamel of the teeth in a cow and 
a three day old calf respectively. 
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Schiuey emphasises that ochronosis in humans is an entirely 
different condition to what has been described as ochronosis ' in 
animals and that osteohamatocbromatosis more suitably describes 
the condition in animals. His lead in thus designating the anomaly 
ill animals was subsequently followed by Teutschlaender (1914); 
Maraev (1928) and Cohrs (1931) (Osteohamochromatose); Kitt (1921) 
(Haemochromatosis ossiuin); and by Joest ^1926) (Hamochromatose). 

Teutschlaender (1914) states that at that time 19 cases (including 
his own) of socalled pseudo-ochronosis, in animals are reported in 
the literature. In one of his own cases as well as one of Poulsen's 
referred to by him [also a case of Fikentscher (1930)], only a 
pioportion of the bones were pigmented. In some cases the pigment 
is not uniformly present thixmghout the bones, but is laid down 
in alternating darker and more lightly strained rings. 

Fikentscher (1930) describes changes in organs and bones from 
a bovine, concerning which nothing clinically abnormal was known. 
By the use of a fluorescence microscope the presence of porphyrins 
could be demonstrated. His wwk was confirmed by the chemical 
observations of Fink quoted by him. 


OWN CASES. 

History. 

In view of the fact that these cases are the first to be described 
clinically, it is proposed to give*a detailed description of the history 
of the whole herd. Mr. Cassie, Anniswells, Bremersdorp, Swaziland, 
introduced a pure bred short horn bull No. 7015, to his grade 
short horn herd in 1931. The owner has for vsome time been grading 
up his herd with short horn bulls. Three bulls were used. The 
first bull is not in any way related to bull 7015, but the second 
bull is out of the same herd, as the sire of bull 7015. After the 
introduction of bull 7015 he found that some of his young stock 
began to do badly, soon after weaning. Such animals loose con¬ 
dition and develop a rough staring coat. In some cases scabs are 
present in the middle of the back, where the hair parts; crusts 
and scabs may be present around the eyes and nose and there 
may be a nasal discharge. The urine is red and may remain so for 
months on end. These cases do not respond to treatment for red water 
(piroplasmosis) by injection of trypan blue. In December 1934 one 
such animal was killed and apart from the red urine and a certain 
amount of discolouration of internal organs, Mr. Cassie did not 
observe anything abnormal, and the carcase was given to the natives 
for food. When the natives cut up the carcase they saw the pink 
teeth and when Mr. Cassie’s attention was directed to this he noticed 
that not only the teeth, but all the bones w^ere of a reddish brown 
colour. One of the natives who consumed a large amount of this 
meat' had violent colic, but none of the others reported sick. During 
1935, whilst on holiday in Swaziland, the Principal Veterinary 
Officer, Mr. W. A. Elder, M.R.C.V.S., consulted me concerning 
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these cases. On examining the mouths of these animals, I was 
amazed to see all the teeth (temporary and permanent) of a brownish 
pink colour. Not having seen anything like it before, I could at 
the time only speculate as to the nature of the condition and 
ventured rather boldly an opinion of a possible haemopoietic dis¬ 
turbance. However, arrangements were made for the collection of 
specimens and these were subsequently submitted by Elder, when 
the condition w^as immediately recognised to be osteochaemochro- 
mat'osis as described by Kitt, Joest and Cohrs, already referred to. 
A piece of bone was handed to Rimington in order to determine 
the nature of the pigment present. After obtaining the pigment in 
solution, he was able to indentify it as porphyrin spectroscopically 
and! chemically and the diagnosis of porphyrinuria was definitely 
established. 

I During 1935 Cassie had more or .less 270 head of cattle. Of 
these 67 were cow\s (it is not possible to give definite figures of the 
numbers of breeding stock during 1932, 1933 and 1934). Since 
the first case was observed in December, 1934, and the beginning 
of I93G, 12 cases of the conditidrf ^were found in Cassie’s herd 
(porphyrins were determined chemically and spectroscopically in six 
of these 12 cases) and one case w’as found on an adjoining farm A 
see below). The bull 7015 was occasionally used on this farm A 
and this one case is his offspring. On the adjoining farm C on 
the South side, the bull w’as never used as a sire and no cases of 
the condition were observed in any of the animals there. Bull 
7015 was the only bull used in Oassie’s herd at that time. 


E. 


Adjoining farm 260 head ' Cassie's farm 270 head Adjoining farm South 
of cattle of cattle, 67 cows, side, bull 7015 not; 

1935 used. i 


A. 


B. 


C. 


1 of porphyria sired > 12 cases of porphyria , No cases of porphyria* 

by bull 7015 all sired by bull 7015 . observed. ' 


W. 


Of the 13 cases, 10 are males and 3 are females. In 3 cases 
the abnormality was seen by Cassie immediately after birth; the 
teeth and bones are pink, but according to the owner, the urine is 
not discoloured. The last of these three cases was also seen by 
Mr. C. T. Nilson, B.V.Sc., Government Veterinary Officer, Bremers- 
dorp, to whom I am indebted for a personal communication concerning 
it. Unfortunately this bull calf w’^as destroyed by the owner before 
arrangements were made for the collection of specimens from him. 
The parents of this calf are blood relations. He is out of a daughter 
of bull 7015 and sired by the same bull. The mothers of the other 
12 cases may‘ be related to the bull, as the bull which is in all 
probability their sire, is out of the same herd as the sire of bull 
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7015. This bull, 2 normal cows (mothers of affected animals), 3 
normal heifers, 7019, 7021 and 7022 (daughters of the bull) and 4 
affected animals (3 steers, 7016, 7017 and 7018 and one heifer, 7023) 
were purchased by the Division of Veterinary Services and are now 
at Onderstepoort under observation and being used for breeding 
purposes (Figs. 1 and 2).* 



Fig. 1.—Bull and four affected animals, some daughters of the hull and one 
cow (extreme right of picture) mother of affected bulloclv beside 
her. 





Fig. 2.—Bull and four affected animals. 


Since this article has gone into press two of the above heifers 7021 and 7022, 
both daughters of thie hull and served by the bull, Calved on the 8.3.37. Both 
calves are heifers. The calf of 7022 is normal but the calf of 7021 has pink 
teeth. The urine of this anitnal is not discoloured when it is being voided. No 
porphyrin bunds can be recognised spectroscopically when the urine was 
examined within 48 hours after the birth of the animal. 
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Ancestry of bull 7015.—The bull was bred by Mr. B. of S.P.K.P. 
Eastern Transvaal. He is a pure bred short horn but not registered. 
The sire of the bull is Br. 2. This bull died in 1929. The ownei 
does not remember seeing anything abnormal in the progeny of 
this bull, and those of his descendants w^hich were available in 
19d5, were examined and found to be normal, by Elder, to w^hom 
I am indebted for a personal txunmunic.aiion concerning this point. 
The dam, Bilsington Atlmirul, was never a healthy (?) cow, was 
in fa(d a bad doer and even thought to be tuberculous. The owner, 
however, states that she did not have tuberculosis, but it is not 
known on what grounds this statement is made. According to the 
owner animals which did not thrive were met with from time to 
time in his herd and he particularly remembers a bullock bred 
from Bilsington Admiral, he was a bad doer and was eventually 
<lestioyed. This animal may possibly have had porphyria. Bilsington 
Admiral died eventually on this owners property. She is supposed 
to be descended from Texas stock brought into South Africa after 
the Boer War. It is unfortunate that both the herds from which 
the dam and the sire of bull 7015 came, are no longer in existence, 
No case of porphyria could be found in a few herds to which the 
dispersal of the now non-existent herds could be traced. However, 
it is hoped that the breeding experiments referred to above, will 
produce conclusive evidence of the hereditary nature of the condition, 
already strongly suggested by the foregoing history. 


Cl.TNlCAL FeATI HES. 

GeueraL —As already stated the usual history is that affected 
animals do not thrive. This is particularly noiiceable soon after 
weaning. The animals lose condition and develop rough staring 
coats. In one animal (7017) there is a lot of coarse, long hair on the 
head, behind (polar region) between and below (frontal region) the 
horns. This may not be analogous to hypertrichosis described in 
some human cases (dtinther, Gray) as one sometimes finds normal 
bovines having this course hair about the head. No definite statement 
concerning temperament can be made. When the animals arrived 
here, they were all in rather poor condition and were usually handled 
with ease. However, one old cow (a normal cow herself), the mothei* 
of an affected animal, gave birth to a normal heifer calf, two days 
after she arrived here. She was so weak that she had to be lifted, 
but in spite of that she charged anybody who (‘-ame near her and on 
account of her weak state she usually w^ent dow^n in the attempt. 
The animal with the coarse hair (7017) is bled weekly and on one occa¬ 
sion was so nervous and irritable that he charged the assistant and 
natives in his box. The cow’ unfortunately died from metritis within 
a week after arrival here. Although these animals cannot be 
truthfully described as friendly, these were the only occasions that 
they showed such a marked degree of irritability and nervousness. 
In the circumstances one is not justified in definitely attributing to 
this a pathological significance analogous to nervousness and irrita¬ 
bility described in some human cases, especially as occasional normal 
animals will sometimes also behave like this. 
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The skin of the first animal examined, was simply one m^s of 
lice, this animal was not lej^ularly dipped, on account of its lyeak 
state and this was undoubtedly largely responsible for the gross 
parasitic infestation. In these circumstances it would not be true 
to say that such animals are prone to ectoparasitism. If this 
should be the (‘ase, it would not be unexpected on general grounds. 


Details of the pulse, respirations and ruminal movements of four 
affected animals and one normal animal (7022) of the same breeding 
from the same farm will be found in the accompanying table. 



Pulse. 

Respirations. 

Hummal Movements 
during 5 Minutes. 


:May. 

October. 

May. 

, 

October. 

Ma>. 

Octobei. 

7016. 

70 

74 

,36 

.30 

8 

10 

7017. 

06 

84 

28 

2.3 

10 

12 

7018. 

80 

72 

38 

.36 

11 

11 

702,3. 

70 

74 

36 

47 

7 

9 

7022. 

72 

IK) 

44 

.3(» 

8 

10 

i 


No sigiufKunt tunctional differences are present. The iiuli\uhial 
vaiiations aie piobably due to excitejuent during handling, etc 

These annuals weie placed on temperatuies lor long j)eriods. 
The teiiipeiatuies lecoided vary Irom 100® F. to 105® F. in affected 
as well as unaffected animals. These individual variations are 
probably due to a number of factois, such as handling, antimosan 
injections and climatic (‘onditions. 

PhotiK^custtization, —Lesionh'are present on the skin which is not 
piotected by hail. Scabs and crusts form around the eyes and 
nostiils (Fig. ; there is a nasal discharge and sometimes ulcers 
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on the buccal mucous membrane, particularly of the iind the 

lips. In four out of the six animals, which were available foi 
examination, scabs are present on the middle of the back, wheie 
the hair parts. In one case the scab measured 12 by 5 cm. (Fig. 4) 
In at least two other cases the scabs have a similar situation and 
look almost exactly like the one just described. In one ot these 
cases (7017) scabs are in addition also present behind the horns 
and around the base of the ears. The hair seems to be efficient 
piotection against the harmful rays of the sun, as lesions are not 
present even in unpigmented portions of the skin and various paits 
ot the body, which is covered by hair. 





4.—Lesions on portions ot the skin not protected by the haii 
animal ns in iig;ure 


‘•1 


'I he same 


Teetk and bones .—In all cases the temporary and peimancnt 
teeth are conspicuously disJcoloured. Six out o^ the 13 cases 
examined personally. There is no reason whyv the owner's ^^ol(l 
should not be accepted for the other cajp^. ®he owner's word must 
also be accepted for the statement that in threeVij^ut of the 13 cases, 
pigmentation of the teeth was observed immd^iately after biith 
When 4he mouth is opened, the general colour impression one »ets 
ol the |;eeth, is that of pink. An attempt was made to leprodiue 
as truly as possible the colour of the incisor teeth ^ a poition ot a 
formalin presierved mandible (Filfi 5). If the masfjlcatory surface of 
an incisor tooth is examined wit4i>|he lingual 8\irflpice of the tooth 
towards the observer, the macroscofhcauy clear impi^nanted enamel 
is seen to stand out in sharp contrast to the dentine^which is oi a 
brownish pink colour. The labial surface of the tcKith on the other 
hand has a dull brownish pink colour. It is, hovvever, not the 
enamel which is discoloured, but the dentine which is seen throujjh 
the somewhat translucent enamel. In the case of the molar teeth, 
the cement substance on the buccal and lingual surfaces is of a dark 
red colour. The colour of the table of the tooth varies. The outei 
enamel is white. The dentine immediately within the outer enamel 
is brownish pink. Inside this again is the infundibulum, having 
a white enamel ring, within w’hich the cement substance appeals 
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dark red, almost black in colour. Macroscopically therefore, the 
dentine is pigmented and the cement substance would seen to contain 
the pigment in even greater concentration, but the enamel is free 
from piglnent. As far as can be determined clinically the pigment 
distribution in the teeth of the four living animals now at Onderste- 
poort is similar to that of the case just described. Schmey (1913) 
also found the enamel of an effected pig to be free from pigment; 
unfortunately the papers of Colberg and Schenk, who describe 
pigmentation of the enamel in the teeth of affected bovines, quoted 
by Schmey, are not available to me. The human cases in whom 

E igmentation of the enamel is claimed to be present, as described 
y Garrod and Mackey (1922) and (1926) and by Ashby (1924) have 
already been referred to. 

All the bones are of a deep reddish brown colour (Fig. 6), but 
cartilages, articular surfaces, ligaments and tendons have a normal 
colour. The long bones are not uniformly discoloured. This is 
clearly seen in transverse sections (Fig. 7) where there are alternating 
darker and more lightly stained rings as described by Teuts(dilaender 
(1914) and otlfers previously referred to. Whether this is due to 
an alternating increased and decreased excretion of porphyrin or to 
deposition of porphyrin corresponding to alternating periods of growth 
in summer anjl absence of this during the w’inter (;annot be stated 
at the moment. The pathological description of the bones will not 
be included in this paper, but will be presented at some later date. 



Fig. 8.—Bull 7016.. Harness with bucket for the collection of urine. 


The Urine ,—In no case was a discolouration of the urine ob¬ 
served immediately or soon after birth, A slight discolouration 
may easily have been missed, when the urine is examined with the 
naked eyi whilst the animal is urinating and y^t such a urinU may 
have con^ainetl sigpificant amounts of porphyrin. The urine cf five 
cases was available for examination. The urine is riot red as <iocurs 
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in eases of haemoglobinuria. The colour of the urine as seen in the 
urinating animal varies from deep amber to reddish brown. When 
collected in a flask, even the more lightly coloured urines are seen 
to have a reddish tinge. For the collection of the urine in males, 
a special harness was designed, to which a bucket can be fastened 
and suspended under the abdomen of the animal. (Fig. 8.) The 
urine should be collected in a glass container as metal is unsatisfactory 
for porphyrin work. llimington (1936) found uroporphyrin and 
coproporphyrin in all five cases. The one case he repoits fully in 
this journal and the urines of the other four cases, together with 
that of a control unaffected animal, were determined by him as: 


Colour, Spectrum. Nature of Pigment. 


7016 Male, 2.3.36. 

7017 Male, 4.3.36. 

7018 Male, 28.2.36.... 

7023 Female, 4.3.36... 
7021 Female, 4.3.36... 

701.) Male. 


Reddish brown. 574 *3, 637 *8, 500*8... coprp- and uro-porphyrin. 

Pinkish brown. 574*8, 538*7, 600 2... copro- and uro-porphyrin and 

some metal complex. 

Deep red. 574*4, 538*3, 504*0... copro- and uro-porphyrin and 

some metal complex. 

Amber-pink tinge... spectrum indistinct.... copro- and uro-porphyrin. 
Daughter of bull—normal animal—urine normal appearance—^no porphyrin 
present. 

Hull—yellow urim^—turbid, undetermined protein, present—but no porphyrin*- 
preamt. 


At this stage it is necessary to mention that these animals were 
unfortunately also infected with Schistosomes. Le Roux (1929) 
(juotes a number of authors (Stiles, 1898), (Filler 1915), (Kaup, 
1918), who describe haematuria in cattle infected with schistoso¬ 
miasis. Haematuria is not present in any of these cases, neither 
is there any discolouration of the urine in other animals infected 
with bilharzia, but not affected with porphyrinuria, from the same 
farm. Some of the bilharzia infected animals were treated with 
tartar emetic, but as the use of this drug did not completely 
succeed in curing the animals, antimo.san was used, with apparently 
greater success. (For details of treatment see tables 1 to 5). The 
excretion of porphyrins continued for some mouths after completion 
of the treatment. In the circumstances there would seem to be 
very little doubt that the excretion of porphyrins in the urine of 
these animals cannot in any way be associated with the bilharzia 
infection which was present. To make absolutely certain of this 
point, it would be necessary to examine the urine of bilharzia cases 
in which haematuria is present, for porphyrins. Such cases have 
unfortunately up to the present not been available for examination. 
At the moment no opinion can be given as to whether there may 
be a variation in the daily amount of porphyrin excreted by these 
affected animals. 


Haematology. 

Of the four clinically affected animals, two young bullocks 
(7017 and 7018) seem to have the condition in a more severe form. 
A haematological examination of these two cases was made weekly 
and the other two (7016, youn^ bullock, and 7023, heifer) were 
examined bi-weekly. In addition a bi-weekly examination was 
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made of another normal animal (7022, heifer) of the same breeding, 
of more or less the same age and from the same farm. This animal 
is being regarded as a control. Details concerning these haemato- 
logical observations will be found in the accompanying graph and 
tables (7018—graph 1 and table i; 7017—table 2; 7016—table 3; 
7023—table 4; 7022—table 5). 

These observations lose a great deal in value on account of the 
fact that even as late as the 20th October, 1936, bilharzia eggs were 
found to be present in the faeces of animal No. 7017, indicating 
that the antimosan treatment was not successful in completely 
destroying the bilharzia infection in all the animals. However, 
in the case of 7018 bilharzia eggs were never found in its faeces on 
the two or three occasions that an examination was made subsequent 
to treatment, the last examination being made on the 2()th October, 
1936. Even though this is the case, the disturbing possibility that 
bilharzia infection may be a contributary factor in the production 
of any haematological changes which may be present, cannot be 
ignored. In any case no marked morphological (*hanges are present 
in the red cells of any of these animals, with the exception of No. 
7017, in which case the anaemia is largely if not entirely due to 
an acute attack of anaplasmosis. 

7018 .—Youny o.r, 2-3 years old .—When the animal arrived here 
in December, 1935, this animal was undoubtedly the poorest of the 
lot. Ilis red counts were 2-9 million per c.c. The red counts in¬ 
creased to 4*6 million per c.c. a month after the animal was treated 
for bilharzia and then remained at this level for a period of 3 
months. (vSeo graph 1). The animal was then placed in a dark 
stable (11.8.36) in order to see to what extent further improvement 
in its Idood picture and general condition will take place if it is 
protected against the harmful ray^ of the sun. The red counts did 
actually increase, until they finally fluctuated around about the 
5'5 million level. Whether this is due to the absence of haemolysis 
as a result of the protection afforded by the dark stable cannot be 
stated at the moment, but it is hoped to clear up this point at a 
later date. 

The blood relations of this animal, more or less of the same 
age and running in a small paddock in which theycan freely move 
about, have counts which vary from 6-8 million per c.c. of blood. 
Canham (1930) has shown that animals confined to pens will have 
red counts which are 1 to 3 million per c.c. of blood less than those 
of similar animals running in the veld. In an ordinary loose box, 
in which animal 7018 is always being kept, he cannot get any exercise 
at all and it is believed that his counts of 5*5 million per c.c. of 
blood can in the circumstances be regarded as normal for him. 

No well marked morphological changes are present in the red 
cells of this animal. Occasional normoblasts and occasional punctuate 
basophiles were recognised, but not in sufficient numbers to regard 
them as a significant disturbance of the blood picture. It is con¬ 
ceivable that if the exposure of the animal to the sun had been 
continued, a more severe degree of anaemia may have developed, 
when more pronounced morphological changes in the red cells may 
have taken place. 
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Graph I. 
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Tabjle I. 

Affected Bovine 7018 —Young Ox —2 Permanent Incisors December 1935 . 
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The improvement in the blood picture was not nearly as striking 
as the improvement in the general appearance and condition of 
the animal. (See figs. 9 and 10). His weight increased from G30 
lb. at the time he was placel in a dark stable (11.5.36) to 970 lb. 
on the 26.10.36 (5i months in dark stable) at the rate of more or 
less 2 lb. per day. There are possibly a number of factors which 
are responsible for this remarkable general improvement in con¬ 
dition, etc. By eliminating the photosensitizing factor, the animal 
is now in a slate of greater complacency and is in a position not 
only to relish its food, but will probably also eat more of it. Being 



Fi^. 9.Animal 7017; ll.o.^lG: weight, (530 lb. 


alone in the stable, it is no longer necessary for him to compete 
with its fellows, in collecting his share of the food and may possibly 
on this account eat more and in greater comfort. The food he is 
getting is otherwise practically the same as he was getting before, 
except that a small daily ration of green food was prescribed, in 
order to avoid the possibility of introducing a vitamin deficiency 
factor in the absence of sunlight. The improvement in his blood 
picture is probably also a factor, but here again, it cannot at present 
he stated whether the elimination of the harmful rays is directly 
fal/sence of haemolysis) or indirectly responsible for this. 

The scabs around nose and eyes have disappeared and the scab 
on the back is completely healed. At the moment the general state 
of health of the animal is excellent, but the porphyrin excretion 
continues, and the urine remains discoloured. It is true that the 
urine is no longer as darkly coloured as it was some 5 month ago, 
hefoi^e the animal was placed in the dark stable. At that tipe the 
colour of the urine was described as deep red; to-day the colour in 
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deep amber with a brownish tinge, but still very much darker in 
colour than the urine of the normal animal. It is difficult to avoid 
the conclusion that the changed enviroinent, viz. the dark stable 
is responsible for this and the brown pigment in the urine is mainly 
due to the effects of the rays of the sun on the photosensitive 
porphyrin animal. 

On examining the plasma of this animal it was found to be 
a deep yellow colour. It gave a negative direct and indirect van 
den Berg’s reaction but on further examination the yellow colour 
was found to be due to the presence of lix)ochr(>mes. 



The total number of leucocyte.s fall within normal limits, but 
the neutrophiles would seem to be decreased in number. At times 
this decrease is due to a relative increase in the lymphocytes, but 
on some days there would seem to be a relative increase in the 
monocytes and the eosiiiophiles. In several instances eosinophile 
myelocytes were recognised. The nuclei of quite a number of other 
eosinophiles have the appearance of young forms. The presence of 
these cells suggest a certain amount of immaturity. The evidence 
(negative faeces examination) suggests that the animal is now iEree 
form bilharzia, but in view of the fact that some of the other 
animals similarly treated are still definitely infected and further 
that even higher eosinophile counts are recorded for the conttx)! 
animal 7022 (table 5) which is free from porphyrinuria, but was 
also infected with bilharzia, one cannot at the moment attribute the 
ptesence of the eosinophiles to either a possible bilharzia infection 
or to the porphyrinuria, with any degree of certainty. 
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Animal was treated agunst bilharzia with Tartar Emetic (4% solution) every second day intravenously into the ear vein. 
The first day 7 ccs. were given then 10 cca. and thereafter 15 ccs. until a course of 10 injections was completed on the 8/1 /36. This 
was not successful mid a course of 10 injections of 30 ccs. of Antimosan (8% intravenously) was commenced on the 23/4/36 and 
Gomjdeted on the 13/5/36. Animal developed acute natural Redwater on the 17y'5/36 and was successfully treated with 4 ccs. of 
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On some days the monocytes are decidedly increased in number 
and on the whole the monocytic counts in all four porphyrinuria 
animals run on a rather higher level than those of the control animal 
7022 (table 5). Even though this is the case, Wirth (19dl) records 
the variations in the number of monocytes as being from d to 10 
per cent, 'and although counts beyond the 10 per cent, limit are 
repeatedly recorded, one cannot at this stage, remembering at the 
same time also, the bilharzia factor, regard a mono(‘ytosi8 as a 
significant reaction in cases of porphyria. However, the po8sil)ility of 
this should not be lost sight of, particularly in view of the statement 
by Mackey and Garrod already quotetl, that there w^ould seem to 
be an im rease of cells described by them as endothelials in the case 
of a boy examined by them. 

7017. Yovny o.r. 2-d t/earit old .—The efl'ects of porphyria are 
well marked in this animal. It was intended to keep him exposed 
to the sun, as a control to 7018, when this animal was placed in 
a dark stable. Unfortunately animal 7017 developed an acute attack 
of anaplasmosis (Gallsickness). He was tieated wdth mercurochrome 
on the 20.o.d() and in order to save the life of the animal the original 
idea, to keep him exposed lo the sun, had to be abandoned and he 
was also (toiitinuously kept in a dark stable. In spite of getting a 
course of ten injections of antimosan, during April and May, 193(5, 
bilharzia eggs were found to be present in his faeces on the 2().10.3(). 
When this animal arrived here his red cells were also found to 
be decreased in number. (4 million per cm.). He then had 
porphyriniii ia, as well as being infected with bilharzia. The five 
injections of antimosan given to the animal during the period 
18.2.3(5 to the 2(5.2,30, made no appreciable dift'erence to the excretion 
of bilharzia eggs in its faeces, and this may have been re.sponsible 
for the continued low* counts. Neither did the further course of ten 
injections of antimosan (see table 2) during the period 23.4.36 to 
the 13.5.3(5 succeed in improving the red counts, which remained 
more or less stationary until the 3.5.3(5, and were furiher decreased 
on the 27.5.30. ITow’ever, this further decrease is undoubtedly due 
to the anaplasmosis infection, which almost certainly took place 
from infected ticks, which the animal must have picked up whilst 
he was being moved forwards and l)a(‘.kw’ards to receive the antimosan 
injections in a crush s<»nie distance away from its quarteis during 
the period 23.4.30 to the 13.5.3(5. In view" of the anaplasmosis and 
bilharzia complications, a further discussion of the blood picture 
of this animal in relation to porphyrinuria will be of no value at 
the present time. 

Animals 7010, 7023 and 7022 (control ).—The ueutrophiles seem 
to be on the low side in all three animals. In animal 7022 (free 
from porphyrinuria, but also infected wuth bilharzia) the eosinophiles 
run on a higher level, than in the case of the other two animals. 
In none of these animals do the monocytes coll for special (ornment. 
No morphological changes are present in the red (‘ells. Morphological 
changes in the red cells of the control animal 7022, may have been 
present as a revsult of an acute attack of redw^ater (Piroplasma bigem.) 
during the period 18.5.3(5 to 27.7.3(5 w^hen an examination of its 
blood was not made. Theileria mutans is a parasite wdiich is present 
in nearly every normal bovine in certain areas in South Africta and 
is not knowm to produce any disturbances. 
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Pathology. 

Specimens from two animals were available for examination. 
These animals were both killed in Swaziland on the owner^s farm. 
In view of the presence of bilharzia infection in the animals which 
came from that farm and that bilharzia eggs weie definitely found 
to be present in sections cut from the liver of one of these animals, 
it is exceedingly likely that both these animals were infected and one 
would, consequently not be justified in regarding the various pigments 
present in the organs as being due to the porphyrinuria alone. It 
is nevertheless thought desirable to give a short description of the 
appearance of the pigment siained with various stains, with the 
hope that this may serve as a comparison for the histological des¬ 
cription to be presented at some later date, of an animal which is 
free from bilharzia and w’hich has been kept in the dark stable, to 
eliminate any secondary factors such as a possible haemolysis, which 
may take place when the porphyria animal is exposed to the sun. In 
view of the fact that the sections fioni these animals w^ere not 
examined by the fluorescence microscope, any analogous reference to 
the pigments present, in terms of Borst and Koningsdroffer’s descrip¬ 
tion as Pi, Pa, Pg, P 4 , Pg, must be regarded as speculative. 

Specimen 16786, bovine, 2 years and 4 months old, killed on 
the farm. The biochemical details of the pigments in bone., urine, 
blood and other organs are described by Rimington elsewhere in 
this journal. 

Kidney ,—This organ is darker in colour than normal; its 
surface has a mottled appearance; on section marked striation is 
seen to be present in the cortex/ dark lines alternating with greyish 
ones. The medulla is of a pinkish colour. The bladder contains 
a small amount (50 c.c.) of clear urine, having a port wine colour 
wdth a slight brownish tinge. 

Microscojpic exavvination, —Haem. Eosin. most of the pigment 
is in the form of yellowish brown granules (brown with v. Giesen) 
in the cells of the relial tubules of the cortex and perhaps also of 
the boundar^^ zone, but very little, if any, is seen in the straight 
and collecting tubules of the medulla. Bigger conglomerate masses 
of brownish yellow (brown with v. Giesen) pigment are also present, 
mainly in the cortex and boundary zone but to a less extent in the 
medulla. Neither of these pigments are present in the structures 
of the glomerulus. The finely granular yellowish brown pigment 
described by Borst and Koningsdroffer in the endothelial cells of 
blood vessels, is probably also present, but was recognised with 
difficulty and then only with the high magnifications under oil. 
A structureless pink (brown with von Giesen; greenish blue, but 
sometimes the colour is very faint with Berliner Blue) staining 
substance, is present in the lumen of the renal tubules. This sub¬ 
stance is sometimes also present in Bowmancapsule. 

'With Berliner Blue, theie is a considerable variation in the 
staining reactions of the pigment, which appears as: ( 1 ) small 
granules of varying size in the cells of the tubules. Most of them 
are brown, but some are of a greenish blue colour; ( 2 ) very small 
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granules, which can only be seen with a 2 m.m. oil immersion lens. 
They are mostly of a yellowish brown colour, but occasionally they 
aj*e of a greenish colour. They occur in cells, in the walls of the 
tubules. Practically all the cells of some tubules may contain this 
lugment, but the collecting tubules of the medulla contain much 
less of this pigment than do tubules in other parts of the kidney; 
(3), (fi) big conglomorate brown pigment masses in tubular cells, 
(b) pigment masses of similar size, etf*., but staining of a greenish 
blue colour, (c) what appears to be an intermediate stage between 
(a) and (b), where the pigment has only a slight greenish tinge. 

Sudan 111.—The pigment granules aie brown and the conglo¬ 
merate pigment masses are darker in colour. The granules and 
bigger pigment masses may occur in the same tubule and even 
in the same cell. The structureless material in the tubules does not 
stain differentially with the fat stain. It bas a faded bluish 
colour. In Bowman’s capsule a brownish staining pigment is 
sometimes seen to be present. In some glomeruli, pigment granules 
are only seen in the net^k, but all other structures of the glomerulus 
are free fiom pigment. With the lower magnifiication no pigment 
granules can be seen in the tubules of the medulla, but witli a 
4 m.m. dry lens, a number of tubules in the medulla are seen to 
contain very fine granules. In addition to the pigmentation of the 
kidney, there is fairly well marked fibrosis of the organ. From the 
other animal kidney specimens were not available for examination. 

l>Ht(ptosis : marked piijmenfation-fibrosls. 

Liver: 2 animals^ specimens l()78b and U)7U). The stern (‘ells 
ai*e piominent and are loaded with pigment. The pigment is inostly 
in the foim of granules, some ot which stain of an almost lemon 
yellow colour, whilst others stain ot a yellowish brown colour, with 
haemaliim-eosin and with Sudan Ill. With von (liesen the granules 
stain brown, less fre(|uently similarly staining conglomeiate pig¬ 
ment masses are seen to le present, probably also in stern cells. 
With Berliner Blue veiy little iron staining ])igment can be 
indentified undei* the lower magnifications: but with a m.m. oil 
immersion lens one can easily recognise pigment which is in the 
form of fine blue lines or rings. es])ecial]y in the sinusoids. With the 
^ame magnificutiou one can also lecognise bluish staining ])igmen1 
in the liver cells tlnmiselves. 

In some of the bigger vessels of the liver (specimen lt)7St)) 
ovoid strmdures are present. They have a definite outer \\all, 
within whi(di c;ellular elements can be recognised. These structures 
are regarded as eggs of bilharzia parasites and in the circumstances 
one (miinot be sure to what extent some of the pigment ])resent may 
not be due to these i)arasites. In Giemsa stained sections, numerous 
eosinophiles can readily be re(*ognised along the interstitial tissues, 
but some are also present in the sinusoids. Bemembering the 
bilharzia infection one is not justified in regarding’ the eosinophiles 
as being significantly associated with the presence of por]>hyrins. 

Diagnosis \ pigmentatiori and bilharzia infection. 
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Lyvvpliatic glands 16786 and 16719.—In freezing sections the 
the distribution of the pigment, mainly in the reticulum of the gland 
is well shewn. In embedded sections, the dominating pigment is 
seen to be present in the reticulum cells as fine granules, having a 
yellowish brown colour (Pa). The lymphoid follicles seem 1 o be 
free of pigment, except that in the germ centres of some of them 
one may find structureless masses 5 to 10 times the size of the red 
cell, staining of a lemon-yellow colour with van Giesen. Occasionally 
masses of yellowish brown pigment (Pi) are seen in the lymphoid 
cords. In addition to the pigments just described one sometimes 
finds cells which are loaded with fine granules staining of a purplish 
colour with Giemsa, in the lymphoid cords. 

Berliner Blue, —Most of the granular pigment in the reticulum 
ceils stains of a greenish yellow colour, but a well defined iron 
reacting pigment as described by Borst and Koningsdroffer for Petry, 
could not be recognised. With a 2 m.m. oil immersion lens one 
does sometimes see blue rings or blue lines in or about the reticulum 
cells, but except for the occurrence of very occasional blue granules, 
this is the only evidence of stainable iron in the lymphatic glands. 
In places an increased number of eosinophiles would vseem to ])e 
present. 

Spleen—specimens 16786 arid 16719. Haemalum eosm. —Large 
amounts of pigment are present. The granular (Pa) type of pigment 
is present in relatively small amounts. Most of the pigment is 
in the form of big masses (P 4 ) but in some cases it is also (loarsely 
granular. Close to the pigment masses one nearly always sees a 
nucleus but the type of cell in which the pigment occurs, (unnot 
be so clearly recognised as in the case of the liver. The pigment 
varies in colour from a light yellowish brown to a dark brown or 
almost black colour. In some of these pigment masses, one 
sometimes sees with a 2 m.m. lens small darkly staining pigment 
granules. 

Berliner Bine, —In the pulp one recognises: ( 1 ) cells containing 
big blobs of pigment staining yellowish brown, with small darkly 
staining granules wdthin the bigger pigment mass; ( 2 ) cells con¬ 
taining granules staining yellowish blown; (3) cells containing 
])igment blobs staining greenish blue; (4) cells containing granules 
staining greenish blue. In some cases the pigment stains between 
green and yellow and one has the impression that the yellowish stain- 
ing pigment is being changed or converted into the stainable baemo- 
siderin. The distribution of the pigment is well shewn with this 
stain. The malpighian bodies stand out prominently and do noi con¬ 
tain any iron-staining pigment, but they do sometimes show the 
presence of fairly big, round, lemon yellow, pigment masses. 

In the pulp one sees what can be most suitably described ns 
pigment rings. On careful examination under high magnification 
the space enclosed by the rings which consist of bluish pigment is 
seen to be occupied by a red cell. It almost seems as if the blue 
ring, represents pigment which is lying free between the red cells 
end which has in some way become absorbed to the periphe^ of 
the cells. In order to find out if the red cells of porphyrin animals 
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contain any stainable iron, smears were made from animal 7018 
but no iron could be recognised after staining with Berliner Blue. 
In some cases it is not possible to recognise with certainty what is 
present in the space enclosed by the rings. The pigment is not only 
present in the form of rings, but occurs sometimes in the form of 
irregular lines, also in small amounts in the trabeculae. Although 
no undoubted phagocytosed red cells were encountered in the spleen, 
one cannot entirely ignore the possibility that some of the large 
pigment masses may be the remains of phagocytosed red cells, in 
the pulp eosinophiles are numerous. 

Lung, Only one specimen^ 16786.—There is only slight pig¬ 
mentation of the lung. Pigment, in the form of fine granules (Pa) 
is present in the interalveolar walls. The granules stain yellowish 
brown with Haem, eosin and brown wdth Berliner Blue. Occasionally 
pigment masses are seen in cells as well as in the interalveolar walls. 
These stain blue with Berliner Blue, but dark brown granules can 
be recognised under high magnification in the substance of this 
bluish structureless mass. 

Myocardiuni.—K small amount of non iron staining coarsely 
granular pigment is present in the interstitial tissues. It stains of 
a lemon yellow colour with Berliner Bine and of a dark yellowish 
l)rown colour with Haem, eosin. 

Muscle ,—No pigment was recognised. 

A notable ommission in the pathological description is that of 
the bones. During 1935 Sir Arnold Theiler signified his willingness 
to collaborate in the further work which was contemplated and he 
would have been resposible for the pathological study of the bones. 
His unpx])ected death unfortunately broke this eollalwration. It 
is a tragedy that an axithority of his standing, on osteopathology, 
could not complete the work, for the successfiil execution of which 
he w^as brilliantly equipped. 


Pathogknksis. 

Nothing fundamentally new^ and original can be contributed 
at this stage. Animals 70i6 and 7023 seem to be affected to a mild 
degree only and consequently do not afford a clue as to the jxissible 
sequen(je of events. Animal 7017, in spite of treatment, still harbours 
bilharzia parasites and has in addition only recently recovered from 
an acute attack of anaplasmosis (Gallsicknewss). On ac(*ount of these 
complications this animal is not at the moment a suitable subjecl 
for the discussion of porphyrin pathogenesis. None of these objections 
can be raised against the use of animal 7018 for this purpose. One 
should, however, remember the possibility that a negative faeces 
examination for bilhar;eia eggs, even though it is repeated 2 or 3 
limes, as was actually done in this case, does not necessarily mean 
that the animal is free from infection. 
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The catabolism (Abbau) theory and the anabolism (Aufbaxi) 
theory of porphyrin genesis are exhaustively discussed by Gunther, 
Borst and Konigsdorfer and others. It is consequently unnecessary 
to present here details of all the claims for and against these 
theories, but briefly stated the theories are: — 

(1) Catabalum (Abbav) theory .—During the catabolism of the 
haemoglobin molecule porphyrins are formed before the final degrada¬ 
tion to bile pigments. Chemically this is possible but it has not yet 
been established that this occurs in vivo, neither has it up to the 
present been possible to split the haemoglobin molecule to bile pig¬ 
ments, through a porphyrin stage in vitro. 

(2) Anabolism {Anfbav) theory .—Here it is postulated that the 
synthesis of the haemoglobin molecule from pyrrol bodies passes 
through a porphyiiri stage. Chemically this is not only possible 
but S'ischer (1931) was actually successful in synthesising the 
haemoglobin molecule through a porphyrin stage, by coupling the 
resulting haematin with native globin. Furthermore, Borst and 
Konigsdorfter find that })orphyrins are present under normal physio¬ 
logical conditions in serum, liver, kidney and bones of young 
embryos. In the six months old human embryo, ]>orphyrin containing 
(!ells are only present in the liver, but not in the blood and bone 
marrow. A proi>ortion of the erythroblasts in the blood, islands 
o(‘,(*urring in the liver of the 4-6 months old human foetus show a. 
weak porphyrin fluorescence, and at the same time faint haemoglobin 
staining, with recognisable haemoglobin absorption bands. This 
is interpreted to mean that porphyrins form a link in the normal 
haemoglobin synihesis. 

• 

In their pathological investigations, they find erythro- and 
megalo-blasts containing porphyrin in the bone marrow, spleen and 
blood of humans and equines suffering from pernicious anaemia. Tii 
the bone marrow of Petry they describe erythrophagpblastosis (if 
one may be permitted to use this term where phagocytosis of 
erythroblasts occurs as against erythrophagocytosis, where the 
erythrocytes are phagocytosed). Porphyrins are present in phago- 
cytosed as well as in free erythroblasts, although they also find some 
erythroblasts, which do not show any porphyrin fluorescence. This 
they regard as evidence that at least a portion of the haemoglobin 
synthesis occurs normally. The other portion stops short at the 
porphyrin stage indicating the persistence of a foetaj process, in 
post foetal life. * 

The question now arises as to which of these two theories can 
satisfactorily explain the recorded observations on these animal 
cases. For reasons already stated, animal 7018 is the only one worth 
discussing at this stage. When this animal arrived here, its red 
counts were 2*9 railloih per c.c. Being infected with bilharzia, 
antimosan treatment was applied and within a month after treatment 
the red counts increased to 4*6 million per c.c. and remained at this 
level for some months. Tie was then placed in a dark stable and 
fh«^ red counts further increased to the 5*5 million level. This is 
being regpded as a normal count for this animal under conditions 
inactivity in a loose box. No well marked morphological changes 
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are present in the red cells or the leucocytes. Without being unduly 
conservative the most that one can say is that the occasional nor¬ 
moblasts and the occasional punctate basopilic cells, as well as the 
eosinophile myelocytes and other young lorms of eosinophiles are 
slightly suggestive of immaturity or youthfulness of the elements 
of the blood concerned. Even if the presence of immaturity is 
assumed, it would be necessary to establish if this is something 
inherent in the porphyrin animal or perhaps merely a compensatory 
reactive process, l)efore definitely regarding it as evidence which 
favours the anal)olism theory of porphyrin genesis. In a porphyrin 
animal exposed to the sun, secondary compensatory processes are 
probably present but the same (ompensatory processes have 
been eliminated in this animal by confining him to a dark stable. 
Tf the porphyrins can destroy red cells even in cases where the 
porphyrin animal has l)een adequately protected against the harmful 
rays of the sun, as is implied by the statement of Borst ond 
Konigdroffer that Die Porphyrine wdrken schiidigend auf die loten 
Blutkdrperchen ”, can ])robably only be definitely established when 
specimens from an animal wdiich has been kept in a dark stable 
for a (M)iisi<lerable length of time are available for pathological 
examination. The blood picture (5 5 milloin (ells’) and the marked 
general imj>roveinent in condition, etc., of animal 7018 in the dark 
stable, suggest that porphyrins do not produce markedly harmful 
effects on the red cells under siich conditions, but previous to that, 
w’-hen the animal w’as exposed to the sun, such a destruction of the 
red (!ells possibly did take place. Ex(;ept for the slight suggestion 
of immaturity of its blood picture, animal 7018 is in goo(l health 
and daily putting on w^eight in the dark stable. Por])hyrin excretion 
in the urine continues. The urine is no longer as dark in colour 
as it W’as whilst the animal was exposed to the vsun, and it seems 
likely that a good leal of the brow^n discolouration of Ihe urine may 
be due to the effects of photosensitization. If the pmphyrins are 
due to the persistence of a foetal process, this would ru^t seem 
])roduce any disturbance of haemoglobin metabolism, in the absence 
of sunlight. Tf there is only one kind of haemoglobin, it is 
difficult to understand w’hy a iKirtion of the building stones of that 
kind of haemoglobin should be picked out for a maturation arrest 
and the remainder allowed to proceed to full maturation. Tf the 
dualism of haemoglobin postulated by Fischer were proved this 
would not be so difficult to ac('.ept, as the inherited deficiency may 
then be present only in the one haemoglobin, and the other remains 
unaffected. Such a maturation arrest at ihe porphyrin stage of 
haemoglobin synthesis, would bring the anomaly into line with the 
maturation arre.st. of the w’hite ('ells postulated by Fitz-Hugh and 
Krumbhaar (1932) (Paper not available) quoted by Darling, Parker 
and Jackson (19iG) in Agranulocytosis, as well as with the erythro- 
blast arrest in pernicious anaemia, also quoted by Darling and 
co-workers. 

It is of (course possible that in the absem'e of the effects of 
photosensitization red cell destruction takes place, but not at the same 
rate as when the animal is expovsed to the sun; consequently young 
forms of red cells as well as leucocytes may be present in the blood, 
as the result of compensatory hyper-activity of the haemopoietic 
tissues. This compensatory pix)ces8 in the absence of exposure to 
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the sun may be able to maintain the elements of the blood at a 
more or less normal level. No confirmatory evidence of this could 
be established clinically in animal !No. 7018. The serum of this 
animal is yellow, this is due to the presence of lipochromes, but 
bile pigments are completely absent. 

The pigments present in the two animals which were killed, 
seem on the whole to corespond with those described by Borst and 
Kdnigsdorfiier in the case of Petry. There is perhaps less iron in 
these animal cases. These animals were almost daily exposed to 
the sun and one assumes that this was not the case with Petry. 
In the circumstances it would seem that the effects of photosensi¬ 
tization are not mainly responsible for the presence of iion in the 
various organs of porphyrinuria cases. It is, however, almost certain 
that the protective mechanism of bovines against photosensitization 
in virtue of the hair coat and pigmented skin is much more efficient 
than in the case of the human subject and consequently one cannot 
on the above ground exclude the possibility that the effects of 
photosensitization may be responsible for the iron in the organs of 
porphyrinuria cases, even though a smaller amount of such iron 
is present in animal cases, in which a more intensive exposure to 
the harmful rays of the sun took place. In addition to proj)hyrinuria, 
Petry also suffered from other complaints. One of these two animals 
was definite^ (and the other one probably also) infected with 
bilharzia. therefore in neither instance is one dealing with an 
uncomplicated porphyria case and until such a case, in which the 
effects of photosensitization have in addition also been controlled, 
is available for biochemical and pathological examination, one will 
be at a disadvantage in interpreting some of the pathological 
findings. 

« 

Nometiclattire ,—There seems to be no sound reason why in the 
present state of our knowledge the nomenclature of this condition 
in animals should not be brought into line with the more correct 
terminology used in medical literature. Porphyria would seem to 
be the most suitable designation for the general state of the con¬ 
dition : porphyrinuria, where porphyrins are excerted in abnormal 
amounts in the urine, arid porphyrinaeinia for the abnormal presence 
of porphyrins in the blood plasma. Pink tooth is suggested as a 
popular name for animal cases, thus emphasising the clinical 
feature of the anomaly by means of which it can be easily different¬ 
iated from redwater (piroplasmosis). 


SUMMARY. 

1. The occurrence of congenital porphyrinuria in 18 bovines, 
all of which are the progeny of one bull, is described. 

2. 77 per cent, of the affected animals are males and 23 per 
cent, are females. In this respect the incidence of the condition 
resembles the analogous condition in humans as well as the incidence 
of recorded cases of Alcaptonuria and albinism, thought to he 
hereditarily transmitted as recessive characters. 
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3. The available evidence strongly suggests the hereditary 
transmission of the condition through a particular bull. 

4. Details of the (dinical symptoms of four cases are presented. 
These are the first animal cases of the anomaly available for clinical 
examination. The teeth are brownish pink, but the enamel is not 
pigmented. The poor (‘ondition and the scabs and crusts on parts 
of the skin unprotected b;y^ hair, are mainly due to the effecis of 
photosensiiization. The urine is amber, brown oi* reddish brown in 
colour and confains amcmgsi other uro- and copro-porphyrin. 

5. “ Pink tooth '' is suggested as the popular name for the 
animal cases. This emphasises the clinical feature of the anomaly 
by means of which it can be easily differentiated from redwater 
(piroidasmosis). 
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Sevkuai. living* bovine cases of chronic Porphyry or congenital 
Porphyrinuria were recently en(*ountered on a farm near Bremersdorp 
in Swaziland. An account of the discovery of these cases and of the 
clicinal picture they present is being submitted by Fourie (1936). 
Tlie condition, which also occurs in human beings is extremely 
ran and for this leason the opportunity of working with 
living animal cases is to be considered very fortunate. 
Fourie has reviewed existing knowledge of the disease from 
its clinical aspect and has also stressed the ditference between true 
jiorphyry and (x hronosis ’’ where the pigment deposited in the bones 
appears to have tlie chara(‘ter of a melanin. (Congenital porphyrinuria 
would seem to be an inherited metabolic anomaly comparable in some 
resi)e(!ts with alcaptonuria (Garrod, 1923); however, the meagre data 
available in records from human and veterinary medicine is insuffi¬ 
cient to do more than lend a suggestion of the hereditary factor in 
the transmission of the disease. The present cases include both males 
and females, all the progeny of a single pure-bred shorthorn bull. 
This bull, together with a few normal heifers he has sired and normal 
cows whi(‘h have produced affected (*alves, is at j)resent at Onderste¬ 
poort and will be used for breeding purposes.* (^ontrols will be drawn 
from tlie Laboratory herd. 

Since Fourie intends to discuss the disease from a general 
standpoint, it is proposed to confine this article to the strictly chemical 
aspect and to record the chemic’al examination of one case which was 
slaughtered for the purpose of investigation. Blood, urine, faeces, 
bile, bones, bone-marrow, liver, spleen and kidneys were evamined. 
The pathology will be considered in a later pa])er by one v\' the 
collaborators in this investigation. 


* On examination, the animals were found to be suffering frojii bilharziosis. 
They are being treated tor this condition before accurate clinical studies arc 
made. Bilharzia urines which 1 have examined have, however, contained no 
more than the usual trace of coproporhyrin (sec Appendix). 
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Of the 15 or so human cases of porphyry which have been noted 
(compare Gunther 1925) only one, that of the man Petry, has been 
studied in any detail and, with the exception of an isolated observa¬ 
tion, that an ox prior to slaughter “ was supposed to have passed 
blood-stained urine (Schenk 1902) no record of a living animal case 
exists. Upon Pelry’s death, his bones, organs, blood, bile, etc., were 
examined chemically by Fischer, Hilmer, liindner and Ptitzer (1925) 
and the histo-pathological examination carried out by Borst and 
Konigsdcirfer (1929) who utilised for this purpose the technique of 
ultra-violet fluorescence mictroscopy and published their results in a 
classical monograph. 

Perusal of the lileraiure shows that a chocolate colouration of the 
bones of slaughtered animals has been observed by Mettam (1910), 
Witte 1913), Schmey (1913 a; 1913 b), and Maraev (1928). 
Schmey (1913, b) and Poulsen (1910) were among the first to recognise 
this condition as an entity distinct from “ ochronosis ’’ a term intro¬ 
duced originally by Vircdiow in 1800 with reference to human material 
in w’hich the pigment was subsequently proved to be of melanin nature. 

The bone pigment of animal poiphyry was first identified as 
uroporphyrin by Fink (1931). The case was that of a bovine and the 
only material available was 19 gm. of rib, 23 gm. of vertebrae and 
5 gm. of bone marrow, together with a piece of kidney. Neither 
marrow nor kidney yielded any result. The pathological examina¬ 
tion of the case was carried out by Fikentscher (19f‘U) who found 
some lamellae of the bones, both periosteum and endosteum, to be 
stained by a diffuse brown pigment exhibiting in ultra-violet light 
a rosy fluorescence with the following spectral bandvs: — 

(192; 670-647; 6*32-614; 596-575. 

* 

These figures correspond with the ultra-violet emission spectrum of 
uroporphyrin as determined by Borst and Konigsdorfer. 

Shortly afterwards, a further case was encountered in the Leipsig 
abattoir and was studied by Fink and Hoerburger (1931) who suc¬ 
ceeded in crystallising the uroporphyrin ester (M.P. 293^) from the 
bones (15 mgm. from 630 gm. bones) and identifying it as 
uroporphyrin I by (comparison with a specimen originally isolated 
from Petry urine. They employed for the coinpariscui the elegant 
pH-fluorescence technique developed by Fink and Hoerburger (1933 a, 
1933 b, 1934 a, 1935 a, also Hoerburger 1933). 

Yet another case has been reported u])on dining the past year 
(Fink and Hoerburger 1935 b) and the appearance of concentric rings 
of lighter and darker colour in a cross setdion of the bone described. 
This feature had not previously been encountered by Fink and Iloer- 
hurger but it may be stated at once that in skeletal material from 
both the cases which have been studied during the course of the 
present work, similar annular zones of pigment wwe very clearly 
defined. They most probably represent accumulations of pigment 
deposits during periods of arrested bone growth rather than periodic 
variations in the intensity of the disease. 

Up to the time that the present studies were undertaken, no 
examination of the urine, faeces or organs of affected animals had 
been made nor was any report upon the clinical condition available. 
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THE NATURAL PORPHYRINS. 

In order to illustrate the following discussion of the experimental 
findings, it is felt advisable to present a brief summary of the 
chemistry of the porphyrins, their configurational and isoinerh* 
relationships and the present state of knowledge concerning their 
occurrence in nature | for general reviews see Fischer (1981), 
Ktomerer (1983)]. 

By removal of iron from haeinatin, is obtained the substance 
protoporphyrin (Fig. 1), a complex of four pyrrole nuclei united by 
inethine bridges -CH= and possessing, as substituents, four methyl 
groups OH,, two vinyl groups -CH^OHa and two propionic acid 
groups; -CHg CHa COOH, in the positions shown. A convenient 
shorthand method for writing such formulae has been introduced by 
Fischer in which only the ])yrrole rings are represented and these 
merely by the sign the substituents X and Y being 

in the positions. A reference to the example of protoporphyrin 
will make this clear (see Fig. 2). 



I 

COOH 


Protoporphyrin III 

Figs, 1 and 2.—Frotoporphyrin ITI 

Key: 

Me = CH,. 

V =OH = CH.. 

s -ch, ch: cooh. 

Inspection of the formula for protoporphyrin will show that 
numerous isomeric modifications are possible depending upon the way 
in which the different substituent groups are arranged. This number 
becomes reduced to four in the case of aetioporphyrin, a substance 
obtainable from protoporphyrin, in which the substituent groups are 
4 ethyl and 4 methyl groups only. The four aetioporphyrins, aetio¬ 
porphyrin I, II, III, and TV (see Fig 8) can thus be regarded ns the 
starting points of four series of derivatives. Actually, those belong¬ 
ing to the series IT and IV have so far not been encountered in 
nature so that they can, for all practical purposes be dropped from 
this discussion. There remain the members of the T and III series. 
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H. Eischer and his collaborators have shown in a brilliant senes 
of researches, culminating: with the synthesis of haematin (Fischer 
and Zeile 1929; Fischer 1929) that both haemoglobin and chloro¬ 
phyll belong to series III, whereas the porphyrins encountered in 
disease frequently belong to series I. 




Fig. 3.—The four Aetioporphyrins, 

The distinction is important, since it will be realised ihat the 
assignation of any particular pigment to the series I at once iiriu ludes 
its formation from normal haemoglobin by breakdown. Passage from 
one series to the other could only be effected by complete dissolution 
of the structure into its constituent pyrrole units and resynthesis in 
tlie new configuration. 

Protoporphyrin, as already pointed out, possesses two carboxyl 
and two vinyl groups. On replacement of the latter by propionic acid 
residues, a tetra-carboxylic porphyrin would result. This is, in fact, 
the structure of the coproporphyrins (for synthesis see Fisher and 
Andersag 1926, and Fisher, Platz and Morgenroth, 1929), whilst 
uroporphyrin possesses, in all, eight carboxyl groups, arranged as can 
be seen by reference to Figs. 4 and 5. Since the free porphyrins do 
not jiossess sharp melting points, they are usually converted into theii 
crystalline methyl esters for identification. 



CMtr M.P. 24S* E*ter M.P. 149* 


Cwproporpliyrin • I and til 
Fig. 4.—Ooproporphyrins I and III. 
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CH 
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CHrCH 


^COOH 

^COOH 


Uroporphyrin 1. 

Fig. 5.—Uroporphyrin 1. 


UCCUIIHKNCE AND DISTRIBUTION OR THE PoRPHYRINS. 

The pori)hyrin8 are tairly widely distributed in nature, thus 
small quantities of coproporphyrin occur in normal urine and faeces 
(Pischer, 1915/!(>, (xarrod, 1892, Fischer and Zerweck, 1924 a), in 
yeast, plants (Fisc her and Hilf^er, 1924, a) and other materials, Mdiilst 
the pigment of the tail feathers of the Turaco {Tvraeus corythai,r) is 
the copper complex of uroiiorphyrin (Church, 18()9; Fischer and 
Hiller, 1924 b) and the colouring matter of the egg-shells of many 
birds has been shown to be protoporphyrin [ = ooporphyrin -- 
Kammerer’s porphyrin ] (Fischer and Kogl, 1923; Fischer and Kogl, 
1924K 

Thanks to the synthetic work of Fischer and his associates, we are 
now in a position to assign jnost natuial jmcphyrins, if isolated in 
sufficient (luantity, to their respective isomeric series, by comparivson 
of the ester melting points with authentic material. The importance 
of thus distinguishing between the haemoj>lobin or 111 series pig¬ 
ments and the 1 series can not be over-emphasised as without this 
knowledge, speculation as to the mode of origin or function of any 
I)igment is groundless. 

To attempt a complete survey of the occurrence of porphyrins 
would be too lengthy a task, consequently only the most important 
data will be mentioned here. 

Uroporphyrin was first isolated by Fischer (1915; Fischer and 
Zerweck, 1924, b) from the urine of the porphyrinuric patient Petry 
and characterised as an octa-carboxylic acid. From the faeces of the 
same case a porphyrin with four carboxyl groups, coproporphyrin 
was isolated (Fischer, 1915/16). It occurred in smaller quantities 
together with uroporphyrin in the urine (Fischer, 1916, a). These 
two pigments have since been shown to belong to the I series, and to 
be present in other cases of congenital porphyry. 
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Even in normal urine and faeces (Schuinm, 1923; Fischer and 
Zerweck, 1924, a, 1924, e) small quantities of (*oproporphyrin are 
known to occur. 

Fink and Hoerburger (1934, b) have performed the signal service 
of characterising the urinary constituent as coproporphyrin I. 

The normal excretion of an unphysiological coproporphyrin 
which can not be derived from haemoglobin breakdown, is at first sight 
difficult to explain. It might be thought that it was deri\ed from 
disintegrated cytochrome or catalase molecules but the evidence avail¬ 
able to date indicates that the porphyrins derivable from the latter 
substances belong to the III series (Stern, 1935; Zeile and Reuter, 
1933). Van den Bergh, Grotepas and Revers (1932) demonstrated the 
existence of small quantities of protoporphyrin in the red blood cells 
of healthy human subjects fconfirmed by Kammerer (1933 and 
Schreus (1934)] and were also able to show that added protoporphyrin, 
in liver perfusion experiments, was converied, in part, into copropor¬ 
phyrin, eliminated via the bile. They were clearly of tlie opinion at 
the time that the protoxmrphyrin of the red cells is protoporphyrin 
HI and that the biliary and urinary coproporphyrins belonged to the 
same series. No evidence is available which would assign the proto¬ 
porphyrin of the erythrocytes to either series and to the writer it 
seems much more probable, in view of re(;ent developments, that it 
will ultimately prove to be a series I pigment. The relationship 
betw’(een it and the urinary |)orphyrin would then become clear and 
the Van den Bergh experiments fall into their logical place. 

A clue is perhaps to be sought in the examination of foetal blood 
and this it is hoped to do at this Laboratory. According to 
Finkentscher (1936), the serum of the normal human foetus at the 
4th or 5th month contains 8-10 y per 100 c.c. of an ether-soluble 
porphyrin resembling coproporphyrin, the quantity slowdy decreasing 
to 1-3 y at the time of birth. Subsequently, as shown by Herold (1934), 
there is, during the first five or six days of extrauterine life, a i)ro- 
nounced excretion of porphyrin by the infant, possibly to be correlated 
with the extensive breakdown of red cells w^hich then occurs 
(compare Volhard, 1930). Haurowitz (1935) has shown that there is 
a foetal type of haemoglobin, different in crystalline form and other 
properties from normal'adult haemoglobin and it seems to the writer 
of the greatest importance to ascertain whether the pigment moietv 
belongs to the I or III series. This finding in conjunction with the 
study of the ioetal porphyrins and those of pernicious anaemia and 
congenital porphyrinuria might help to elucidate the whole problem 
of haemoglobin synthesis and metabolism and afford evidence against 
or in support of the oft-expressed view (compare Ehrlich, 1892; Dues- 
berg 1931) that in the two diseases mentioned the organism exhibits 
an atavistic tendency so far as its pigment metabolism is concerned. 
Watson (1935, a) has already shown that coproporphyrin I is 
eliminated in the faeces of pernicious anaemia cases but disappears 
following liver therapy. 

Certain states of intoxication in the adult are followed by 
excretion of porphyrin and the evidence is gradually accumulating to 
show that the pigments, in this instance, frequently, although not 
invariably belong to the III or normal haemoglobin series. Thus, 
Grotepass (1932) identified the coproporphyrin present in the urine 
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after lead jwisoDing as belonging to the III seiies (see also Hoer- 
burger and Fink, 1935) whilst Fischer and Duesberg (1932) have 
confirmed this finding in experimentally producted lead poisoning 
cases. Schreus (1935) and Hoerburger and Fiiik (1935), report that 
coproporphyrin III is present in the urine after the administration of 
salvarsan. Injury to the liver or interference with its excretory 
function, as in icterus, also leads to porphyrinuria, the pigment in 
this case proving to be coi)roporphyrin I so far as ac(;urate investiga¬ 
tions have been made. Watscm (1935, b) identified coproporphyrin I 
in the urine of a (*ase of cirrhosis of the liver occasioned by cinchophen. 
He (1935, c) also obtained the same pigment from the faeces in a case 
of familial jaundice at the haemolytic crisis and considers it to be 
most probably derived from the protoporphyrin of the red cells (cf. 
Van den Bergh, (Irotepass and llevers, 1932). 

As already stated, uroporphyrin has been isolated from the 
urines of several human cases of congenital porphyrinuria and in most 
instances the jngment was assigned to the I series. Very marked 
irregularities in the melting points of the octa-methyl esters have, 
however, occurred and ihis circumstance has led Fisher and others 
to suspect that mixtures of isomeric uroporphyrins might be present. 
Such isomers can hardly he position isomers since in some cases at 
least (Fischer and Duesbcrg, 1932) the uroporphyrin has been con¬ 
verted chemically into the corresponding coproporphyrin which 
proved io be identical with coproporphyrin I. A still fiirther com¬ 
plication arises on account of the fact that two distinct types of 
porphyrinuria are recognisable, the chronit* form (“ Haematopor- 
phyria congenita ^’) as typically exemplified in the case of Fetry, and 
an acute form, “ a(‘ute idioj)athic porphyry ” (Haematoporphyria 
acuta idiopathica), which presents certain characteristic features. 
Thus, acute idiopathic j)orphyry usually makes its appearance at a 
comparatively late stage in life, after adolescence; the attacks are 
periodic, and the excretion of porphyrin in the urine paroxysmal. 
Attacks are accompanied by severe colic, nervous synjptoms and even 
muscular paralysis but pronounced photosensitivity, the most notice¬ 
able symptom in true congenital porphyrinuria, has never been 
recorded as an accompaniment to the acute form. Some tendency 
towards this condition is probably to be inferred, however, from the 
brown pigmentation of exposed skin surfaces and even blistering 
reported in the cases of Gunther (1922), Brown and Williams (1909), 
and Eichler (1932). 

These differences are well brought out in the review by Gunther 
(1925) and the chemical aspect is now receiving attention from 
Waldenstrom, Fink and Hoerburger (1935). The melting points of 
the octa-methyl esters of the urine porphyrin found by different 
workers, both in cases of acute and of chronic porphyrinuria, may be 
summarised as follows. Cases of porphyrinuria due to poisoning by 
lead, trional, sulphonal, etc., are omitted. 

Acute porphyrinuria, 

LoefHer (1919). 262®. — 

Weiss (1925). 274°. Faeces contained coproporphyrin T. 

Fischer and l^esberg (1932). 269®. Decarboxylated to coproporphyrin I. 

Waldenstrom, Fink, and Hoerburger 243®. Separated into fractions easily sol- 

(1935) nble in ethyl acetate (238®) and 

sparingly soluble (258®). 
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Chronic porphyrinuria, 

Fischer (1915). 293°. Petry case. Urine. 

Fischer and Zerweok (1924, b). 286-'7°... Petry case. Urine. Other frac¬ 

tions with lower M.P. prepared. 

Fischer, Hilmer, Lindner, and Piitzer 286°. Petry case. Bones. 

(1925) 

Mackey and Garrod (1925-6). 283°. Case G.L. Faeces corproporphyrin 

I (248°). 

.Tost (1927). 273°. — 

Fischer and Zerweek (1924, c). 275°. Molzberger case. Baised only to 

279° by saponification and re- 
csterification. 

Van den Berg, Begniers, and Muller"^ 

(1928) Copro, 

Van den Bergh, Muller, and Hijman V 160^1° Coproporphyrin III. Case known as 
(1929) I > “Van den Bergh’s ease”. 

Fischer, riatz, and Morgenrotb( 19291J Above 

specimen 

purified, 

169° J 

Fischer and Duesberg (1932). Copro Case K. Coproporphyrin TTT only. 

only 

144-8° 

Remelt, 

160-8° 

Fischer and Uuesberg (1932). 281°. Case L. 

It will be seen that only two cases of eliroiiic porphyrinuria have 
so far occurred in which the pigment (coproporphyrin) ex(ueted, proved 
to belong to the III series. In all other instances the evidence 
suggests that the pigments belong to the I series. 

Mention must be made of the (*ase recorded recently by Van den 
Bergh and Grotepass (1933) of a man who for 20 years had suffered 
from a porphyrinaemia of gradually increasing intensity without, 
however, excreting more than thh normal trace of porphyrin i?i hi> 
urine. Coproporphyrin I was isolated from the faeces but uropor¬ 
phyrin could nowhere be found. The patient suffered from a fairly 
severe nephritis, his urine containing much albumin and one is led to 
suspecd- that the damage to the kidney was responsible for the failure 
to excrete an increased (quantity of coproporphyrin. It might also be 
assumed, however, that the transformafion of coproporphyrin 1o 
uroporphyrin normally Hook place in the kidney, a view for whi(*h 
there is some evidence (see Discussion later) and that in the diseased 
state of the organ in this particular case, such power had been lost. 
The site of formation of uroporphyrin is still not known with cer¬ 
tainty. In true congenital porphyrinuria it would appear that some 
uroporphyrin, at least, arises in the bone marrow but in the acute form 
of the disease, this may not be the case. To the writer, it seems 
essential that acute and chronic porphyrinuria should be recognised 
as two different diseases, having a differing aetiology, and confusion 
avoided when speculating upon the course of the pigment metabolism 
in each. 

Chemical Examination of the Swaziland Bovine Case. 

The case was that of a young reddish-brown castrated male (2 
years 4 months old). The animal was in poor condition and showed 
lesions round the eyes and muzzle resembling those caused by photo- 
aensitisation. In addition, in the centre of the back, just where the 
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hair fell away, there wa8 an oval-shaped sore measuring 6 inches by 
inches. The skin round this lesion was hard and keratinous (see 
Fij>\s. () and 7). The appearance was consistent with the suggestion 
that the animal was photosensitive, but jnotected, over the greatei 
})art of its body, by the coarse reddish-brown hair of the coat. 



Fijz;. ease of congenital porphyrinuria shovvnig lesions diit* ti 

photosensilisation. 



P^ig. 7.—Same case after slaughter photographed to show keratinised epidermal 
sore on back. 

Whilst under examination, it pa.ssed urine, a specimen of wliich 
was coloured a deep port-wine red colour and exhibited the tollowing 
absorption bands (centres)."^ Fischer's (191(> b) figures for Fetry’s 
urine are given for comparison. 

614-0; 580-560; 540; 500. 

Petry urine 614*5; 567*5; 535*5; 517. 

* All spectroscopic measuremeuts made with a Zeiss grating hand spectro¬ 
scope. Centres of absorption bands quoted in m^x. 
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The colour of the urine was seen to deepen on exposure to light. 

The animal was anaesthetised by an injection of chloral hydrate 
and bled to death, the blood being collected with aseptic precautions 
in sterile evacuated flasks containing anticoagulant. In all, about 
five litres was obtained. The carcass was then cut open and the entire 
liver, spleen and kidneys removed as carefully as possible and 
wrapped in formalin-soaked muslin cloths. Specimens were collected 
in formalin and in alcohol for histological examination. The gall 
bladder was emptied into a sterile bottle, yielding about 300 c.c. of 
clear, dark-green bile. The entire skeleton was removed, cleaned 
from adhering muscle and wrapped in formalin cloths. It was noted 
that all calcified parts were deep chocolate brown in colour, w^hilst the 
cartilages and periosteum presented a normal appearance. A specimen 
of faeces was also collected from the large colon. 

These materials were brought back to the Laboratory immediately 
and placed in cold storage. There w^as, in no instance, any indication 
of decomposition or putrefaction. The chemical examination was 
then condu(‘ted at leisure, taking one organ at a time and employing, 
as a general rule, the acetic acid-ether method introduced by Fischer 
followed by extraction of the residue with dilute ammonia to remove 
any uroporphyrin. Ammonia was found more convenient than 
pyridine and yielded excellent results. 

Urine, 

The bulk of the urine, which was free from albumin, was acidified 
with acetic acid and left in the ice-chest for several days until the 
precipitate had flocculated out and could be centrifuged off. The 
supernatant was still dark brown in colour but only exhibited a very 
faint porphyrin spectrum, together with a more marked broad band 
with centre 495*5 m/x. The prcfcipitated porphyrin was esterified by 
methyl alcoholic hydrochloric acid, and the ester transfered to chloro¬ 
form from which it was crystallised in the usual way. The crude 
uroporphyrin ester was washed repeatedly with boiling methyl alcohol, 
thereby eliminating a quantity of brown pigment possessing no 
absorption spectrum, and finally recry’^stallised several times. It had 
the usual appearance of uroporphyrin octa-methyl ester (see Fig. 8) 
and M.P. 275-7®.^ The absorption spectrum in Thloroform was as 
follows: — 

mi; 580*9; 570*8; 535*2; 500*7. 
faint 

Uroimrphyrin methyl ester*: 

626*1; 581*4; 570*5; 536*0; 500*8. 

A specimen of the crude free porphyrin, dissolved in N/10 NaOH 
exhibited the following spectrum: — 

614; 539*3; 502*8. 

Uroporphyrin has 612; 539*0; 503*7. 

It flocculated rather slowly on the addition of acetic acid. 

* Melting points observed on the electrically-heated Kofler micro-melting 
point apparatus. 

* Absorption spectra data taken from “ Tabulae Biological Vol. 3, or if 
not there recorded, from the original sources. 
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It was noticed that the mother liquors of the first one or two 
ester recrystallisatious contained considerable quantities of pigment. 
When examined in a thick layer, the following absorption bands 
were seen to be present: — 

r>42; H22A; 602*2; 566*5; 5^1*8; 499*2. 

faint 

With the exception of the band at 642, these figures suggest a 
coproporphyrin. The solution was accordingly concentrated and left 
in the ice chest when a crystalline deposit formed consisting of a 
mixture of uroi)orj)hyrin ester and short stoutish prisms with slightly 
oblique ends. A ])artial separation was effected by rej)eated re- 
(trystallisaiion, the ])risms melting ultimately at 283-5® and giving 
in chloroform the following spectrum, from which it was concluded 
that the substance was in all pro})ability coproporphyriii I. (Coni])are 
however Fischer and Zerweck, 1924, b.) 

623*6; 597*9; 567*3; 533*7; 498*6. 



Fig. 8.— Uroporphyrin ester, M.P. 277°, from urine, x 245. 

Coproporphyriii I was also isolated directly from a further quaniity 
of the original urine by the acetic acid-ether technique. The ester 
in chloroform (M.P. 23*5®) had the spectrum: — 

622*4; 596*5; 577*1; 566*8; 530*6; 497*7. 

Cojiroporphyrin has 

623*9; 597*3; 577*7; 568*2; 529*8; 497*9. 

Transferred to 25 per cent. HCl it had: — 

595*2; 575*4; 551*4. 

Coproporphyriii has 

593*9; 574*6; 650*9. 

On shaking with chloroform, no pigment passed into the lower phase. 
Protoporphyrin was therefore absent. 
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Faeces, 

The sample was extracted hy the acetic acid-ether method and 
the pigment transferred to 2 per cent, hydrochloric acid. This 
solution was saken with chloroform, diluted ten times and again 
shaken, but no detectable quantity of deuteroporphyrin was extracted. 
The total porphyrin was therefore transferred to ether and from this 
to 10 per cent, sodium hydroxide solution. Only a very small 
precii)itate of insoluble sodium salt sejmrated during the course uf 
the night. After filtration, the pigment was precipitated by 
neutralisation washed, dried and esterified. The ester crystallised 
in needle-like prisms M.P. 243-4^ and exhibited the typical 
coproporphyrin spectrum 

623*7; 597*7; 578*3; 568*6; 533*1; 497*3. 



Fig. 9. —Coproporphyrin I ester, M.P. 243-4° from faeces, x 120. 

It was therefore coprojiorphyrin I. (see Fig. 9). The mother liquor 
fi^m the fipt crystallisation contained another much more soluble 
pigment with the following absorj)tion spectrum with relative 
intensities of the bands as shown. It was not identified. 

603*4; 574*9-551*3; 529*0; 499*0. 

562*1 max. 

Til I II IV 

As would be expected, there were present, in the original ether 
extracjt, porphyrins which did not pass into 2 per cent. HGl, most 
probably pigments derived from the breakdown of chlorophyll. 
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After removing these by shaking with 25 per cent. HCl, the ether 
was still rose coloured and exhibited the two-band spectrum of 
uroporphyrin copper complex: — 

562 0; 526-5. 

Cii uroi)orphyrin has 562 3; 528*2. 

Blood. 

The blood, 5 litres in all, was centrifuged and the red cell 
precipitate washed with isotonic saline. The plasma and cells were 
then worked up in the usu^l way. 

(o) Plasma. 

About 3*5 litres of yellowish plasma was obtained. It gave a 
very faintly ])ositive direct Van den Bergh reaction. 

The 5 per cent, hydrochloric acid shakings (about 1 litre in 
volume), had a puri)lish-blue colour with a strong reddish 
fluorescence. The absorption spectrum corresponded with that of a 
co})roiK)rphyrin. The residual ether contained no copper salt. 

595*2; 575*4; 559*3.543*4. 

551*4 

Coproporphyrin has 593*9; 574*6; 558*5-543*4. 

Tlie pigment was transferred to ether and washed well. 

Spectrum in ether: — 

625*4; (580*6); 568*8; 529*3; 507*6-485*2. 

496*4 

('oproporphyrin has 

623*9; 577*7; 568*2; 529*3; 505*6-490*3. 

497*9 

On evaporation of the ether, a crystalline residue remained, stellate 
clusters of fine needle-like prisms. After washing with ether, the 
residue was esterified and the ester crystallised in slender needle-like 
prisms, M.P. 243-4^ (see Pig. 10). The spectrum in chloroform 
confirmed the identification as coproiwrphyrin I. 

623*0; (599*2); 577*5; 568*1; 532*4; 498*9. 

Coproporphyrin ester has 

622*3; 596*7; 578*1; 567*7; 532*9; 4991. 

The finding of copro|)orphyrin 1 in the blood plasma is of great 
importance since it offers an explanation of the photosensitisation 
fiom which the animal suffered, and brings the case into line with 
that of the man Petry and other chronic congenital porphyrinurics. 
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Fig. 11.—Ooproporphyrin I ester, M.P. 241° from red blood cells. X 245 
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The serum protein coagulum was extracted with pyridine with 
the intention of seeking uroporphyrin in the extract but by an 
unfortunate mischance, the pyridine extract exploded during 
concentration and was lost. 

( 6 ) Red Cells. 

The final 5 per cent, acid extract from the erythrocytes had a 
greenish blue colour with a red fluorescence. On transference to 
ether, the following sj)ectrum was exhibited: — 

648; 624*2; 599*6; 582*5; 569*4; 5:10; 510. 

Shaking with 25 per cent. HCl removed the porphyrins leaving 
some haematin behind in the ether. 

The acid had 

595*6; 579*5; 552*a. 

On shaking with chloroform, only a trace of i)igment (probably 
])rotoporphyrin) was removed. The acid spectrum now agreed fairly 
well with ihe a(*id s])octrum of coproporphyrin : — 

595*3; 576*3; 551 *9. 


Coprojunphyrin has 

593-9; 

574-0; 

550-9. 


It \va8 transferred to 

elher and washed well. 


The ether solution had: — 




02;{0: 

579-5; 

faint 

507-9; 

529-5; 

498-0. 

Coproiiorphyriii has 





023-9; 

577-7; 

508-2; 

529-3; 

497-9. 


After removal of the soh^ent, the residue was esterified and re- 
crystallised from chloroform. It formed slightly curved, needle-like 
])risms of M.P. 241^ (see Fig. 11) and was therefore coproporphyrin 

The spectrum in chloroform was as follow^s: — 

622*3; 595*8; 577*8; 567*5; 531*4; 497*3. 

Coproporphyrin ester has 

622*3; 596*7; 578*1; 567*7; 532*9; 499*1. 

The cell residue was shaken with dilute ammonia, the extract 
evaporated to dryness, esterified and the ester transferred to 
chloroform. A small quantity of pigment w^as obtained corresponding 
spectroscopically to urofmrphyrin ester. 

626*6; 570*0; 534*6; 501*1. 

UroporjAyrin ester has 

626*1; 570*5; 536*0; 500*8. 

The identification of coproporphyrin I and of uroporphyrin in the 
erythrocytes is also of great significance as it suggests that some of 
the blood cells in circulation are definitely abnormal, containing the 
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Fig JJ—Uroporphyrin ester Irum bones, M P. 27(5 x 180 
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atypical i)ori)hyrins produced in the bone marrow. Fischer did not 
apparently examine the cells of Petry’s blood for porphyrins although 
he was able to show that the haematin was of the normal type. 

Bones, 

Material from two cases was available, the major part of the 
skeleton of the steer which was slaughtered and w^hich has been 
described above and a small sample (e‘10 gm.) of bone derived from 
a previous case. This latter material had been preserved in 
formalin. Upon it, various extraction methods w^ere tried out and 
the most satisfactory technique, to be described below, employed 
when working up the larger sample. The limb bones, which were of 
a dark cJjocolate colour, exhibited in cross section a series of 
concentric rings of lighter and darker staining. The cartilages were 
uncoloured. 

The material w^as crushed in a bone mill and defatted by 
continuous alcohol and ether extraction. The dry residue was then 
steeped in successive changes of 5 per cent, hydrochloric acid, the 
last traces of pigment being removed by 20 per cent, acid, but as 
this solution contained much dissolved bone substance it was worked 
up se])arately. The acid extracts w^ere evaporated to dryness in a 
large vacuum evaporator and the crusty residue introduced into a 
large volume of methyl alcohol containing 5 per cent, by volume of 
concentrated sulj)huric acid. Sufficient of this solution was used to 
ensure the complete precipitation of the calcium salts. After 
refluxing for 4 hours, the mixture w^as allow^ed to stand overnight at 
room temperature and then about one-tenth of the volume of 
chloroform added. Ice water w’as then poured in until the 
chloroform phase carrying the pigment separated sharply. Further 
shakings with fresh quantities of chloroform were added to the main 
solution. This was washed well wdth water, evaporated to dryness 
and the residue washed re])eatedly wdth methyl alcohol until no more 
brown ])igmeiit, jiossessiiig no absorption spectrum, dissolved. The 
residue of uroi)orphyrin ester was then dissolved in a small volume 
of chloroform, filtered and crystallised by the addition of about 5 
to 7 volumes of Imiling methyl alcohol. The pigment separated in 
the finely microcrystalline form characteristic of uroj)or])hyrin 
octamethyl ester, but the yield was very small. From the skeleton 
of the young steer, 0*d gin. of pure ])igment w^as obtained. The 
melting ])oint was 273-4^ in the first ease and 270-7*^ for the material 
from the entire skeleton and could not be raised by rei)eated re- 
(‘rystallisation (see Figs. 12 and 13). The si)ectrum in chloroform 
corresponded to that of urojiorphyrin ester: 

()260; 582-9; 571-3; 535-0; 501-2. 

Uroporphyrin ester has 

62(il; 581-4; 570-5; 534-7; 500-8. 

A specimen of the crude extract of the bone had (in 20 ])er cent. HCl) 
598-6; 578-1; 554-4; 463-9. 

I II III IV Order HI. IV, I, II. 
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Fig 14—Uropoiphynn ester copper complex (Bones) X 120 



Fig 16 —Uroporphyiin ester copper complex (Bones) X 120. 
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Uroporphyrin in 25 per cent. HCl has 

597-9; 577-G; 553-6; 511*3. 

The emission 8])ectrum in ultra-violet light was measured using a 
small pocket spectroscope, 

665-585 with bands at 625; 600. 


Uroporphyrin has 

664-596 with bands (660); 624; 602-5. 

Microanalysia^^ : 

Uro]K)rphyrin ester 


0 

H 

N 

CH,0 

Found GO-7a 

5-94 

G-20 

25-43 

liequired G1 • 10 

5-78 

5-94 

26-31 


I’he (•oi)])er coiiijdex prepared in the usual way cTystallised from 
pyridine-acetic a(‘id in fine, red, hair-like needles M.P. 311-4^ and 
310-3° resj)ectively in the two cases (see Pigs. 9 and 10). Fischer 
gives the M.P. of the (H)p[)er complex of uroporphyrin from Petry’s 
urin as 314° but it is to be noted that in many cases where the 
uroi)orphyrin sample had a M.P. of al>out 275° a copper complex 
with lower M.P. (about 292° has been obtained. The copper salts 
in the present instance were re 2 )eatedly recrystallised. The absoridion 
spectra w^ere measured in pyridine. 

Preparation I . 568-8; 5e32-6. 

JVe])aration II . 567-4; 532-5. 

Uropor])hyrin ester Cu complex has 570 0; 532-5. 

It w-as noticed, when working iij) the larger ])reparation, that 
the mother liquors of the first two recrystallisations contained a 
considerable quantity of [)igment. By adding ether until precipita¬ 
tion occurred and recrystallisiiig repeatedly, a fraction crystallising 
in fine needles (see Fig. 16) was eventually obtained having M.P. 
253-5° and the following spectrum in chloroform: 

626-9; 572-0; 535-8; 500-9. 

These figures agree w^ell wdth uroporphyrin ester. The copper 
complex w^as also i)repared (see Fig. 17) and found to have the 
normal melting point. The occurren(*e of a low-Thelting isomer in 
the bulk preparation is in accordance with the experiem^e of orthe^-s 
for urines, notably Waldepstrom, .^ink and Hoerburger (1935), and 

i jrobably accounts for the M.U. of the main sam 2 )le being stationary 
)\it lower than tljat (293°) found by Fischer in the first instance for 
uroporphyrin from Petry^s urine. The matter has already been 
discussed on a previotis page. Coproporphyrin could not be detected 
in the bones. 

, * Microanalysis by Dr. 0. Backeberg, University of the Witwatersrand, to 
whom my thanks are due. 
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6'jg. 16.—Uroporpliynn ester, M.P. 253-5®, from mother liquor of main crystal- 
Jisation. x 120. 



Fig. 17.—tJro|x>rpbyriii ester Copper complex from ester, M.P. 253-6®. X 12D. 
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Bone Manow. 

This was obtained by lonjfitudinal section of the lonj^ bones, the 
red marrow being removed. There was probably some admixture 
with pigmented Imiie lamellae. After defatting, the material was 
extracted with acetic acid-ether and this extract shaken with 5 per 
cent, hydrochloric acid, affording a strongly coloured acid layer 
exhibiting very clearly the following spectrum (the residual ether 
contained only haematin): 

593*5; 550*9. 

On tiansference to ether, a typical neutral coproporphyrin spectrum 
was obtained: — 

G230; 568*2; 528*8; 497*9. 

Coproj)orphyrin has 

623*9; 568*2; 529*8; 497*9. 

The j)igment was esterified and the ester, after recrv stullisation, 
formed curved needle-like jirisms M.P. 244-5*^ (see Fi^. 18). It was 
theretore identified as coproporphyiin I. 



The residue of material after extraction of the ether-soluble 
porphyrins was worked up for uroiwrphyrin in the way previously 
described. A good yield of ester was obtained (see Fig. 19) with 
M.P. 276-7® and spectrum 

626*8; 581*7; 568*1; 534*2; r)00*7. 

The copper complex was also prepared and had in pvridine 

566*0; 531*3. 
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The isolation of coproporphyrin I from the bone marrow and its 
absence from the bones is a highly significant finding, indicating as 
it does that the bone marrow is one, at least, of the sites where this 
particular pigment is synthesised 



Fig. 19.—Uroporphyrin ester, M.P. 276-7®, from bone marrow, x 270. 

Spleen, 

The spleen was minced, steeped in glacial acetic acid and then 
worked up by the ether method in the msiial way. The residue was 
subsequently extracted with a 5 volutne per cent, solution of 
ammonia. 

From the washed ethereal solution, 5 per cent, hydrochloric 
acid extracted a small quantity of ether-soluble porphyrin but 
insufficient to crystallise. The spectrum in ether corresponded to that 
of coproporphyrin. 

6240; 569*8; 529*5; 497*1. 

Coproporphyrin has 

623*9; 568*2; 629*8; 497*9. 

The residual ether contained haematin. The ainmoiiiacal extract 
exhibited bands at 576*5 and 541*8. It was evaporated to dryness 
and the residue esterified. The ester was washed with methyl alcohol 
and reerystallised from chloroform-methyl alcohol mixture. It had 
the ai)pearauce typical of uroj)or])hyrin ester( see Fig. 20) and M.P. 
278®, unchanged by repealed recrystallisalion. The presence of these 
two iK)rphyrins in the spleen is particularly noteworthy; uroimrphyrin 
predominated 


Liver, 

The minced organ was treated exactly as described above. The 
ethereal solution yielded to dilute acid only a very small quantity of 
a porphyrin (‘orresponding spectroscopically with protoporphyrin. 
Coproporphyrin could not be found although the bile (see below) was 
found to contain lar^e quantities of coproporphyrin. Most probably 
the correct explanation of this circumstance is that the excretory 
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function of the liver was in no way impaired and that eopropor- 
phyrin is normally eliminated together with other bile idf^ments 
via the biliary system [ooinpare Van den Bert>h, (irotepass and 
Revers (ItWti); Althausen (19‘U)). Fischer and his collaborators 
(1925) in Petry’s liver found coju-oporphyrin and urojxnphyrin, 
toj^ether, possibly, with a trace of protoporphyrin. In fresh ox liver 
they were able to detect small (piaiitities of protojwridiyrin which 
was therefoie regarded as a normal constituent. 



Fig. 20.—Uroporphyrin ester, M.P. 278®, from spleen. X 270. 

The siiectrum of the ether-soluble i)ig“ment from the ])resent 
bovine case was as follows; — 

(faint) 575 0; 5% 0; 500 1. 

Proto])orphyrin has 

632-5; 575-8; 530-8; 501-9. 

From the crude ester of the ammonia-soluble porphyrin, a 
tjonsiderable quantity of a dark brown accompanying? impurity was 
removed by washing with methyl alcohol and the residue in 
chloroform showed an absorption sj)ectrum indicating a mixture of 
uroporphyrin ester and its copper complex, thus: — 

G20-3; 566-0 ; 530 0 ; 50M. 
very intense 

The entire material was therefore transformed into the copper salt 
which crystallised in fine, red needles, M.P. 313^, and exhibited in 
pyridine the characteristic two band spectrum; — 

570-0; 532-8. 

Uroporphyrin Cu salt has 

570-0; 532-5. 
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Uroporphyrin and its copper complex would thus appear to be the 
only abnormal porphyrins present in the liver of this case. 

Bile, 

About 150 c.c. of the clear, dark green bile was used. This was 
mixed with acetic acid and extracted repeatedly with ether after 
which the residue was evaporated to dryness upon the water bath. 
The ether extract, after washing well with vrater, was shaken with 
2 per cent, hydrochloric acid affording a deep purple-coloured lower 
phase. Ten per cent, acid, subsequently, removed only a small 
quantity of phylloerythrin. The 2 per cent, extract was shaken with 
chloix)form until no more greenish-blue pigment came out 
(mesobiliviolin, etc.) and again wshaken with fresh chloroform after 
dilution to ()-2 per cent, acid concentration. No mesoi)orphyrin or 
other pigment [compare Watson (1935, c) who isolated a previously 
undescribed ]>orphyrin, ester M.P. 202-3^, from this fraction of the 
faeces in a case of familial haemolytic jaundice] left the aqueous 
phase. The entire porphyrin was therefore transferred to ether, 
affording a deep red solution with a very strong coproi)orphyrin 
absorption spectrum: — 

623-9; 597-9; 577-4; 568-2; 529-3; 4961. 

Coproporphyrin has 

623-9; 597-3; 577-7; 568-2; 529*3; 497-9. 



Fig. 21.—Coproporphyrin ester from bile, M.P. 237®. X 22o. 

The ester was prepared (6-6 mgm.) and crystallised in the long 
curved needles characteristic of coprophyrin I (see Fig. 21). 
The M.P. was 237° and could not be raised by repeated re- 
crystallisation. It was noticed that the mother liquors of the first 
crystallisation exhibited a faint band in the region of 645 indicating 
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the presence of small quantities of another pigment, probably proto¬ 
porphyrin, which on standing in solution gives rise to such a band. 
Fischer et al. noticed a weak absorjdiou band at 645*7 in the ether- 
soluble pori)hyrin fraction of Petry’s bile. 

No uroi)orphyrin could be detected in the evai)orated bile residue 
after esterification, etc., by the usual methods. 


Kidney. 

The kidneys were somewhat dark in colour. They were minced 
and worked up exactly as described in the case of the liver and 
spleen. The 5 per (*ent. hydrochloric acid extract of the ether solu¬ 
tion showed a well defined coproporphyrin spectrum but the quantity 
of pigment was too small to allow of crystallisation. Transferred to 
ether it had: — 

62.‘1‘9; 569*6; 529*0; 497*8. 

(,<o])roporphyrin has 

62:J*9; 568*2; 529*:i; 497*9. 

Similarly, in the alkali-soluble fraction, uroporphyrin (!Ould be 
detected after esterification. 

In chloroform it had: 

628*1; 570*0; 535*5; 501*0. 

Uroporj)hyrin ester has 

626*1; 570*5; 534*7; 500*8. 

In order to summarise clearly these results a chart is presented 
below indicating the jiigments, with their ester melting points, 
isolated from the various organs. A similar chart showing the 
findings in J^etry’s case has been pre])ared, for com])arison, from 
the j)ublished data of Fischer, Ililmer, liindner and Piitzer (1925). 
AVhere i)igments were isolated in ci*>stalline form and their identity 
confirmed by melting [)oint determination, the entry is made in bold 
type, but where sjiectroscopic data alone was relied u])on, italic type 
has l3een used. 


Chart T. 

Ej'pcnmental Findings in Bovine Case of Congenital Porphyvinnria 


Urine. Uroporphyrin I, Coproporphyrin 1, Some urobilin and brown 

275-7® 233-6® pigment without spec¬ 

trum. 

Faeces. Uroporphyrin Cu Salt Coproporphyrin I, Unidentified pigment with 

(spectroscopically) 243-4® absorption spectrum 603; 

.562; 529; 499. 

Blood plasma. — Coproporphyrin T — 

243-4® 

Blood cells.... Uroporphyrin (in Coproporphyrin T — 


traces, spectroscopi¬ 
cally) 241® 
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Chart I— {continued). 


Bones . 

Uroporphyrin T 

Case i 273-4° 

Case ii 276-7° 
(synthetic Cu salts 
311-4° and 310-3° 
respectively) 

Nil. 

From mother liquors a more 
soluble uroporphyrin 
fraction 25^-6° 

Bone marrow. 

Uroporphyrin I, 

276-7° 

Coproporphvrin I, 
244-5° 


Spleen. 

Uroporphyrin I, 

278° 

Copropmphyri n 
(spectroscopically) 


Liver. 

Uroporphyrin I and 
Cu complex 313° 

Nil. 

Protoporphyrin (spectro¬ 
scopically ; normal con¬ 
stituent). Much dark 
brown pigment spectro¬ 
scopically negative. 

Bile. 

Nil. 

Cbproporphyrin T, 
237°, relatively 
large quantity 

Possible traces of products 
derived from Protopor¬ 
phyrin. 

Kidney. 

[ 1 roporphyrin Coproporphyrin 

(sj)ec troscopically) (spectroscopically) 

Chart 11. 


E,r peri vie ntal findhias in human ca-^e of donnenital Porphyriniirio 

(Petry), compiled from 

data of Fischer 

et. al. (1925). 

Urine . 

Uroporphyrin I, 

293° 

Ooproporphyrin I, 
249-60° 


Faeces . 

Nil. 

Ooproporphyrin 1, 
250° 

— 

Blood plasma. 

Nil. 

Coproporphyrin 
(spectroscopically; 
no M.P.) 


Blood cells. .. . 

— 

— 

Haematin. 

Bones. 

Uroporphyrin I, 

280-3° 

Nil. 

— 

Bone (scapula) 

Uroporphyrin I, 

286° 

Cu complex 




{spec troscopically) 


Bone marrow.. Uroporphyrin Coproporphyrin ‘ — 

(spectroscopically) (spectroscopically) 

Spleen. — Coproporphyrin — 

(spectroscopically') 

Liver. Uroporphyrin Coproporphyrin Protoporphyrin (normal 

(spectroscopically) (spectroscopically) constituent, spectro¬ 

scopically). 

Bile. — Coproporphvrin I — 

247° 

Kidney. Uroporphyrin I Coproporphyrin 

286° (spectroscopically) 

Heart. — Coproporphyrin Protoporphyrin (spectro- 

(spectroscopioally) scopically). 

Intestine. Nil. Coproporphyrin and — 

Cu complex 
(spectroscopically) 

Pancreas. proby. Uroporphyrin — — 

(spectroscopically) 

Mmscle. — traces Coproporphyrin traces Protoporphyrin 

(spectroscopically) (speotroscopioally). 
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DISCUSSION. 

It will be seen from the accompanying charts that the investiga¬ 
tion of this bovine case of congenital porphyrinuria has provided much 
additional information concerning the chemical nature and distribu¬ 
tion of the pigments present in this disease. Thus, in the examina¬ 
tion of the Petry material, the identity of the pigments (to 
which series they belonged, by melting point determinations) was 
achieved by Fischer and his collaborators (1925) in the case of the 
urine, faeces, bones, bile and kidney, these all proving to be series 1 
pigments. As a result of the present investigation, however, the pig¬ 
ments have been identified by melting point as series I pigments in 
the following additional tissues; the blood cells and blood plasma, 
bone marrow, spleen, and liver. In general, the picture of the disease 
followed closely that seen in the man Petry. 

The following four points, established among others, would seem 
to merit particular emphasis: — 

(1) The bovine case of (‘ongenital porphyrinuria here studied 
exhibited clinical photosensitisation. It is thus brought 
into line with the chronic form of the disease in humans. 

(2) (k)proporphyrin 1 has been isolated from the blood i)lasma 
and erythrocytes, thus supplying a bavsis for explanaliou 
of the photosensitivity observed. 

(d) The urine has been shown to contain uroporj)h>rin together 
with coproporphyrin 1. No haemoglobin was present 
(compare Schenk, 1902). 

(4) The bone marrow was rich in coi)roporphyrin 1 occuirring 
with uroporphyrin. No j)rotoporphyrin was detected. 

Location of vAinors Kvknts in J’igment Mktaiuu.ism and Modes 

OF Excretion. 

It is generally comteded that in the adult, haemoglobin is formed 
principally in the red bone marrow and that its transformation into 
bilirubin takes place in the cells of the reticulo-endothelial system, 
the liver playing an important part in this operation. As to the 
intermediate stages of both synthesis and degradation and the locali¬ 
ties in which these changes take place, practically nothing is known. 
Thus, it is not proven that porj)hyrins form an obligate stej) in the 
normal synthesis of haemoglobin, although Borst and Konigsdorfer 
(1929) are inclined to favour this view on account of their detection of 
protoporphyrin in the erythroblasts present in the red marrow, an 
observation in agreement with the findings of others. It has not been 
demonstrated, however, that the i)rotoporphyrin here comerned 
belongs to the III series of isomers. However probable this might 
seem on general grounds, it can not be assumed as a basis for specula¬ 
tion, especially as a small quantity of protoporphyrin occurs normally 
in the erythrocytes and this would appear to belong, rather, to the I 
series. 

The stages of the transformation of haemoglobin into bilirubin 
are just as uncertain. Iron must of course be eliminated at some 
stage but does this occur before or after the porphyrin ring is opened ? 
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A reply to this question is possibly to be afforded by comparison 
with the system studied by Lemberg (1935) and would indicate an 
opening of the ring prior to the removal of iron, so that true 
porphyrins would at no stage be represented. 

Warburg and Negelein (1930) had found that pyridine-haemo- 
chromogen in presence of hydrazine and molecular oxygen at 50^ was 
converted into an iron-containing green pigment, exhibiting a 
characteristic absorption spectrum and which these authors regarded 
as a “ green haemin Lemberg established the relationship of this 
substance to the bile pigments and was able to elucidate the course of 
the reaction. Pyridine haemochromogen (Fig. 22 No. I) is first 
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CH* 
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cW. 
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Fig. 22.—Scheme, after Lemberg, illustrating transformation of pyridine 
haemocbromogen into biliverdin. 


converted by oxidative rupture of the ring system into a verdohaemo- 
chromogen (No. II) which still retains the central part of the molecule 
intact. The scission occurs at the same point as in the physiological 
formation of bile pigment from haemoglobin and these verdohaems 
are to be regarded as iron salts of isobiliverdins. The latter are 
unstable and if set free, rearrange by migration of a hydrogen atom 
from the pyrrole nitrogen of ring III to the >CO group of ring IV. 
The action of hydrochloric acid upon verdohaemochrombgen thus 
consists in the removal of pyridine and oxidation to verdohaemin. 
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This is then split into ferric chloride and liver din which re¬ 

arranges to give biliverdin. Esterification of' the carboxyl groups 
takes place simultaneously and the FeCl 4 salt of the ester crystallises 
out (No. III). 

It is quite conceivable that a similar course of events may be 
followed during the conversion of haemoglobin, or globinhaemo- 
chromogen, into biliverdin in the living cell. The difference between 
bilirubin and biliverdin is, of course, only the state of the methine 
carbon atom, uniting pyrrole rings II and III, the grouping being 
-CHa- in the case of bilirubin. Lemberg is of opinion that bilivcudin 
is most probably the first of the two pigments to arise in vivo. 
(Tjemberg and Wyndham, 1936). 

Haemoglobin breakdown, would not, under the^e (‘ircumstances, 
require the formation of porphyrin at any stage and it is significant 
as wilt be pointed out below, that in none of the simple haemolytic 
anaemias is a significant increase in porphyrin excretion ever 
observed. 

With regard to the site of the formation of the abnormal pigments 
found in congenital porjihyrinuria, it would seem, from an inspection 
of the present data, that there is fairly strong eviden(‘e to show that 
coproporphyrin I, and probably uroporphyrin also, arises in the bone 
marrow. The spleen may present a second locality of copropor¬ 
phyrin synthesis. Such a distribution would be consistent with the 
viewpoint that copropori)hyrin I arises as a by-product or anomaly 
during the attempted synthesis of haematin. 

The conversion of coproporphyrin into uroporj)hyriu iwS a simple 
(chemical matter merely involving the addition of four carboxyl 
groups. Tlioporphyrin may thus arise secondarily from copropor¬ 
phyrin and would appear to do so most probably in the bone marroA\ 
and spleen and possibly also in the kidney. That this latter organ is 
chiefly responsible for the change would be a tempting hypothesis. 
Uroporphyrin, being highly hydroxylated, is eminently suitable for 
urinary excretion just as coproporphyrin is more suited for excreticn 
ill the bile, and it is somewhat difficult to understand how so great 
quantities of uroporphyrin can be found in the urine when the cir¬ 
culating blood contains coproporphyrin but only traces of uropor¬ 
phyrin. Itabbits’ urine normally contains some uroporphyrin (Fischer 
and Zerweck, 1924, a; Stockvis, 1873; 1895). 

The depositipn of uroporphyrin in the bones is explicable on 
account of the ve^iy great affinity which calcified structures show foi* 
this porphyrin. 'Thus Frankel (1924), was able to show' that small 
amounts of uroporphyrin injected into normal growing guinea-pigs 
coloured the bones in exactly the same way as is wseen in congenital 
porphyrinuria, whilst other porphyrins w’ere ineffective or only 
effective when administered in large amounts. It is understandable, 
theiefore, that small quantities of uroporphyrin existing in the blood 
stream would rapidly be taken up and fixed by the bony skeleton. 

The bile contained no uroporphyrin but was rich in copropor¬ 
phyrin whilst in the liver this latter pigment could not be detected. 
Since the liver was functionally sound (no icterus or marked increase 
in urinary urobilin) it is permissible to conclude that it may excrete 
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coproporphyriii from the blood stream with a high degree of 
efficiency into the bile. The urine also contained an amount of 
coproporphyrin I above the normal. 

A transformation of' coproporphyrin I into bile pigment would 
seem to be excluded on account of the isomerically different con¬ 
figurational relationship of the pigments in question and, moreover, 
the work of Lemberg discussed above renders improbable the intrusion 
of a porphyrin stage in the haemoglobin-biliverdin transformation. 
The bilirubin prepared by Fischer et. al. (1925) from Petry’s bile was 
in no way abnormal. 


Types of Anaemia and Porphyrin Excretion in various states. 


Duesberg (1931) has critically compared the histological and 
chemical findings in different anaemic conditions, and as a result he 
is led to postulate the existence of at least two fundamentally distinct 
types of anaemia, that accompanied by increased regeneration pro¬ 
cesses and a type characterised by impaired ’’ or ‘‘ disordered ” 
regeneration. 

Thus, whilst the appearance of ihe bone marrow was in all (*ases 
compatable with a (dive erythropoetic efforts, there were in the former 
group of disorders signs of regenerative changes in the blood but no 
evidence of increased porphyrin excretion in spite of pronounced red 
cell destruction. Anaemias classed as belonging to the type with 
disordered regeneration were invariably accompanied by porphyri¬ 
nuria. The following table will make this clear ': — 

Increased regeneration. Disordered regeneration. 

Increase in number of reticulocytes and Signs of regeneration in blood 
increased oxygen consumption of lacking, 
blood. No porphyrin excretion. Porphyrin excretion. 


Distilled water anaemia. 
Phonylhydrazine anaemia. 
Haemolytic icterus. 
Saponin poisoning. 

Sodium nitrite poisoning. 
Anaemia by blood-letting. 


Lead poisoning. 
Sulphonal poisoning. 
Pernicious anaemia. 
Congenital prophyrinuria. 


In the opinion of the writer, the differentiation should have 
been carried still further by a subdivision of the group in which 
porphyrin is excreted. Porphyrin elimination is only the objective 
end-result of a disturbance at same point or otJmr of the normal pig¬ 
ment metabolism. The porphyrins are different in different types of 
intoxication. Firstly let it be again emphasised that simple haemo¬ 
lysis is unaccompanied by any significant degree of porphyrinuria 
even when the anaemia is intense as in phenylhydrazine poisoning, 
a fact which favours Lemberg’s view of the direct formation of bile 
pigment from haematin, without passing over a. porphyrin stage. 
All workers upon congenital porphyrinuria are agreed that the dis¬ 
turbance is not principally traceable to haemolysis. 

Lead intoxication has, as a general rule, been regarded as leading 
to an anaemia of haemolytic origin, the excretion of a pigment 
derived from blood, latterly identified more exactly as copropnrphyrin 
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belonging to the III series, being cited as evidence for such a patho¬ 
genesis. To the writer this appears erroneous. Haemolysis does not 
lead to porphyrin excretion and it seems far more likely that, in lead 
poisoning there is an interference with the processes of synthesis, 
presumably a failure to complete the stage of incorparafiun of iron 
into the pori^hyrin complex and thus the pigment becomes physio¬ 
logically useless, even dangerous, and is excreted [compare Naegeli 
(1931), ‘‘ Das Blei ist, trotz der basopbilen Punktierung der Erythro- 
cyten, kein Blutgift, es ist ein Knochenmarksgift, das die Krythro- 
poese schiidigt.”]. There is no marked excretion of uroporphyrin in 
lead poisoning, it will be noticed; the quantity of protoporphyrin in 
the erythrocytes is, liowever, incTeased (Van den Bergh, Grotepass, 
Re vers, 193ti). 

Sul])honal intoxication juevsents a difterent j)icture. The anaemia 
is never so marked as in the case of lead poisoning and may even be 
absent (in ex])e)imen<al cases'). The bone maiiow is very hyi)er- 
aemic and shows signs of erythrojjoetic activity, the number of 
erythroblasts, however, being again smaller than in lead ])oisoning. 
The porphyrin excreted in sul])honal intoxication is chiefly uro- 
por])hyrin I together with some co])ro])orpbyiin, i.e. pigments 
belonging to the abnormal or un])hysiological isomeric* series, not 
series 111 pigments as in lead poisoning, and it is signific‘ant that 
the anaemia is fre(|uently rapidly compensated. There would, in 
this instance, appear to be an interference with pigment synthesis 
of such a nature that useless by-prodiicts are |)roduc ecl and excreted, 
withovt, however, the nonnal hue of eherniral viohoialion heinp 
interfered with, A similar state of affairs is pic tured by the writer 
as holding in chronic congenital por])hyrinuria. Pernicious anaemia 
(excretion of coprojiorjdiyrin I in faeces but disappearanc*e after liver 
therapy, Watson, 1935, a) would seem to j)C)ssess several features in 
common with the above condition. 

A PlfOVISTONAJ. TllKOKY OF PiCUlENT MKTASM. 

Whilst our meagre knowledge concerning the intermediate stages 
in bl(x)d synthesis and breakdown renders ditticult any comprehensive 
theory of pigment metabolism, it is nevertheless jiossible and 
extremely helpful to construct schemes whic*h illustrate the broad 
features of these jirocesses. Such a scheme has been put forward by 
Whipple (1922) but this, of course, was not particularly (concerned 
with the formation and excretion of porphyrins in diseases such as 
those under discuission. As a result of the present work upon 
congenital jiorphyrinuria and taking into account other pertinent 
data, a scheme has been evolved which, it is felt, is capable of 
affording explanations of the main facts observed. 

Thus, if it is assumed that coupling of substances containing 
pyrrolic groups and leading to the formation of porphyrins takes 
place in the erythropoetic tissues (bone marrow, etc.) as a normal 
step in the synthesis of haemoglooin, one can jjostulate that the 
possibility exists, on purely chemical grounds, of the elaboration in 
rougMy equal quantities of four sets of isomers depending upon the 
relative positions of the substituent groups as in the four aetio- 
porphyrins. Such would be the outcome of an in vitro chemical 
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synthesis. However, since the available raw materials (probably 
derivatives of proline or oxyproline) are themselves asymmetric and 
only one type of isomer is presented for the synthesis, it is conceivable 
that the posibilities might be limited by one half, that is to say, 
isomers belonging to only two series could be produced. Of the four 
aetioporphyrin series, only derivatives belonging to the 1 and III 
series are found in nature, and the former only in relatively small 
quantities. 

Now, biological syntheses are almost invariably catalysed by 
enzymes or enzymic systems, themselves asymmetric, and producing 
an overwhelming preponderance of a certain oj)tical or configura¬ 
tional isomer, together, perhaps, with traces of its enantiomorph. 
For example, the naturally occurring amino-acids are, with the 
exception of glycine, all optically active molecules and the enzymes 
concerned in their intermediary metabolism have very little if any 
action upon the non-physiological isomers. Similarly, a striking 
degree of specificity obtains among the enzymes acting upon the 
purine bases, position isomers belonging to a simi)le series. A 
counterpart in pure (diemistry to this specificity of enzyme action 
is to be found in the decomposition of d- and 1-camjjhocarboxylic 
acids in aqueous solution as catalysed by nicotine. Normally, in 
the absence of any catalyst, the rates of break up of the two isomers 
are identical: — 



but when 1-nieotine is added the relative rate of decomposition of 
the d-acid is markedly increased [Fajans (1910)]. 

One (;an therefore picture the events occurring in the bone 
marrow in the following way, where A rejnesents the suj)])ly of 
asymmetric raw materiul and Pj and Pnj the isometric porphyrin 

end-products produced. Since the change A-~- ^Pjit is selectively 

catalysed, it is shown in bold type whilst a dotted line indicates the 
production of small quantities of tJie by-product P, 


• P, 

A 


ProtoiKirphyrin is probably the first formed and copro- and uro¬ 
porphyrins arise from this as the result of further changes. The 
small quantities of series I porphyrins normally occurring in both 
animals and plants are thus to be regarded as quantitatively inferior 
and apparently useless by-products of the synihesis of the series III 
bJq(^ pigments. 
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Any interference with the elaboration of III series porphyrins 
into haematin would result in an anaemia accompanied by the 
excretion of coproporphyrin III but without any appreciable increase 
in the quantity of I series pigments normally j)resent. This is 
])recisely the state of affairs encountered in lead poisoning and it is 
understandable that comjjensation can only be effected, with the 
utmost difficulty, by an acceleration of the whole process of 
erythropoesis. Figuratively one may indicate the site of disturbance 
in lead poisoning thus: — 



Pb 


41 

Jd 


u 

O 




■> Haematin 


Haemoglobin 


Pb 


In (ongenital porjdiyrinuria (and possibly also ])ernicious anaemia), 
on the other hand, it would ai)pear, as a reasonalde ex])lanation, that 
the disorder in ])iginent metabolism is due to a failure or inhibition 

of the selectively catalysed enzyme reaction A-^Fjii thus 

resulting in the formation of and Pj,, in quantitatively 

comjiarable amounts. As a result, to compensate for the tlireatened 
anaemia, and supply sufficient Fj,i for the requirements of 
liaemoglobin formation, the whole level of porphyrin synthesis has 
to be raised and relatively large quantities of the useless seri(‘s I 
I)igments flood the organism and have to be eliminated. (V)iigenital 
l)orj)hyrinuria may thus be aimlogous with a]caj)t()nuria, cystinuria 
and other inherited errors of metabolism in that the organism is 
born lacking or deficient in a certain specific catalyst or enzyme 
necessary to complete a particulai* stage of intermediary metabolism. 
Sulphonal jioisoning would appear to resemble congenital porphyri¬ 
nuria in this respect that the selective action of the enzyme necessary 
for porphyrin 111 production is temporarily interfered with and an 
anaemia results, of no great intensity and easily compensated by an 
increased effort of activity on the part of the bone marrow but 
accompanied by a pronounced elimination of porphyrins belonging to 
series I. 


^^P, (excreted) 



p,j, —dLfS—>.Haematln-> Haemoglobin 

The whole scheme of pigment metabolism in congenital jior- 
phyrinuria may thus be represented in the following way (see Fig. 
23): — 
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Copra^oflrfiyrin 1 U?o|Mwrplijrriii, 

UT«biliii. • Coproporphyrin I 

CapreJCii Mit. ? Protoporphyrin 


Fig. 23.—A provisional scheme of pigment metabolism with particular reference 
to the conditions obtaining in congenital porphyrinuria. 

Incomplete and liable to error as the scheme may be, it should 
help, as a useful worlfing hypothe.sis, to indicate further lines of 
investigation and by elaboration and improvement ultimately lead 
to a clearer understanding of the mechanisms underlying the synthesis 
of haemoglobin in the healthy subject and in various conditions of 
disease. 

SUMMARY. 

Of several living bovine cases of congenital porphyrinuria, 
discovered on a farm in Swaziland and all the progeny of a single 
pure-bred shorthorn bull (see Fourie, 1936), one animal was 
slaughtered for experimental purposes. This case, a castrated male, 
2 years 4 months old, showed definite clinical symptoms of photo¬ 
sensitisation and passed a port wine-red coloured urine, exhibiting 
porphyrin absorption bands. The bones were found to be coloured a 
mahogany brown and on transverse section, concentric rings of 
lighter and deeper pigmentation were seen. The cartilages were 
normal. 
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Employing, in general, Fischer’s methods, the individual organs 
and tissues were examined for porjihyrins and pure crystalline 
materials (methyl esters) obtained as follows: Urine, Uroporphyrin 
(27d-7^)fCoproporphyrln I (233-5^); Faeces, Coproiwrphynn I (243- 
4^^ and its Copper complete \ Blood plasma, Coproporphyrin I (243- 
4P); Erythrocytes, Coj^roporphyrin / (241^); Bones, Uroporphyrin 
(276-7°) and from a small sainjde derived from another case 
Uroporphyrin (273-4°); these esters had copper complexes 311-4° and 
310-3° respectively. From the mother liquors of the main crystalli¬ 
sation was isolated a Uroporphyrin with ester M.P. 253-5° but yield¬ 
ing a normal copper salt. From Bone Marrow, Uroporphyrin (278°) 
and Coj/roporphyrin 1 (244-5°); Spleen, Uroporphyrin (278°) ; liver, 
Uroqjorphyrin together with its copper comple.r (313°); Bile, Copro¬ 
porphyrin I (237°). In other instances the yields of pure pigment 
were too small for identification by other than spectroscopic meuvsure- 
ments (see chart in text of paper). 

The significance of these jigments, belonging to the 1 series of 
]X)rphyrins, is discussed in relation to normal haemoglobin synthesis 
and catabolism and the derangements of pigment metabolism 
occurring in disease and certain states of intoxication such as lead, 
sulphonal jmisoning, etc. A suggestion is made as to the nature of 
the anomaly in (‘ongenital porphyrinuria and a provisional scheme of 
j)igment metabolism mapped out. 

I wish to thank Mr. (1. Boets, B.Sc., for his generous assistance 
in the laborious task of working up the large quantities of material 
employed in this investigation and my colleague, J)r. Fourie, for the 
benefit of many discussions. 


APPENDIX. 

EXAMrxXATlONS OF FrINK FROM CaSKS OF Bl miAR/JOSlS. 

Since the disease bilharziosis is known to be accompanied fre¬ 
quently by the elimination of blood pigment in the urine and no 
reference could be found in the literature to any examination of 
such urines for porphyrin, it was deemed highly desirable to obtain 
firsthand evidence as to whether or not urinary poi.'])hyrin excretion 
is enhanced in this disease. The bovine cases of congenital porphy¬ 
rinuria discovered in Swaziland were found on examination to be 
suffering also from bilharziosis. They have been treated for this con¬ 
dition and the infection ai)X)arently extinguished, nevertheless they 
continue to excrete laige (juantities of corporphyrin and uroporphyrin 
daily. 

Through the kindness of Dr. F. G. Cawston of Durban, T was 
able to obtain alMiut 250 c.c. of pigmented urine from an untreated 
human case of bilharziosis. A qualitative examination revealed the 
complete absence of uroporphyrin and the jiresenc'e of traces of (opro- 
porphyrin in about the same quantity as is to be found in normal 
urine. 

Some time later, Dr. A. Pijper of Pretoria was kind enough to 
procure for me 2 * 4 litres of urine pooled from three untreated human 
cases of bilharziosis then at the J^retoria General Hospital. This urine 
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had all been passed during the period December 18-19th and was 
received and examined at the Laboratory on the latter date (Dec. 
19th). 

In colour, the specimen was brownish with a slight mahogany 
tint; bilharzia ovae were present. It was acidified with glacial 
acetic acid to a final concentration of 5 per cent, and then shaken 
twice with 1*5 litres of ether. Some difficulty was experienced on 
account of emulsification. The ether extract was washed repeatedly 
with water and the porphyrin transferred to 5 per cent, hydrochloric 
acid affording a reddish solution exhibiting the acid porphyrin 
bands. After filtration through (X)tton wool, potassium acetate was 
added and the pigment again extracted with ether. This solution 
exhibited the following absorption bands: 628*4; (568 1); 529*1; 
497*6. 

The porphyrin was transferred again to 5 per cent, hydrochloric 
acid and the solution shaken with chloroform which removed some 
pigment including a trace of porphyrin, almost certainly protoi)or- 
phyrin. The residual acid had a pale pink colour and showed the 
following bands, agreeing with those of coproporphvrin: 592 0; 

(572*2); 549*1. 

It was compared with a standard porphyrin solution made by 
dissolving 1 mgm. of pure (;opi*oporphyrin I tetramethyl ester in 2 
c.c. of concentiated hydrochloric acid and, when saponification was 
cx)mplete, diluting until the volume was 100 c.c. and the finul acid 
concentration 5 per cent. 1 c.c. of the stock solution had to be diluted 
to exactly 1*5 c.c. for the intensity of the absorption bands to match 
that of the urinary porphyrin solution, the total volume of which 
was 20 c.c. Colour intensity comparison in a calorimeter afforded a 
similar result. 

20 c.c. of urinary extract contained 20 x 1 mgm. 

m 

--0 1f33 mgm. porphyrin. 

This quantity of pigment was derived from 2,400 c.c. of urine. 

.’. 100 c.c. urine contain 0*188 mgm. 

“24“ 

^ -^5-56 y porphyrin. 

(1 7 = 1/1000 mgm.) 

Schreus and Carrie consider an excretion of 0 to 60 y of copro¬ 
porphyrin per day to represent the normal range, although figures as 
high as 80 y were also obtained in some insetances. Giinther considers 
400 7 per litre to be pathognomic. Assuming an excretion of 1 litre 
per day by the patients investigated (it would certainly not be higher 
in this hot climate), it will be seen that the content of copropoi- 
phj’rin found falls within the normal range. 

Of the acid urine left after ether extraction, 750 c.c. was filtered 
through a column of a(dive alumina and the chromatogram worked 
up by a method shortly to be described. Only a trace of pigment 
was obtained showing an absorption spectrum. It could not be 
shaken from ether solution to 5 per cent, hydrochloric acid and most 
probably represented a metal complex of coproporphyrin, since the 
following absorption bands were seen in pyridine solution. 564*0; 
533. 
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For the sake of eoDjparison with the above results, 320 c«c. of 
urine from a porphyrinuric bovine (No. 7018) was worked up quanti¬ 
tatively for coproporphyrin. The result was as follows: — 

Volume of final solution in 5 per cent, hydrochloric 
acid = 500 c.c. 

1 c.c. of this diluted to 1*1 c.c. matched 1 c.c. of standard por¬ 
phyrin solution. 

/. total quantity of ( oproporphyrin present=8-5 mgm. 
or 1*72 mgm. per 100 c.c. of urine. 

In concentiatioii alone, this is 300 times the quantity found in 
the human bilharzia urine or in terms of daily excretion very consi¬ 
derably more (say approximately I to 2 thousand times as much). 
In addition, uroporphyrin was also present, of course, in considerable 
quantity in the Ixjvine urine. 

I wish to express my sincere 1 hanks to both Dr. Cawston and 
])r. Pijper for their kindness in placing the specimens at my disposal 
for examination. 

Nature oe the Fuoporphyri.n in the Bones from the 
Bovine Casks of Congenital Porphykinuria. 

As recorded in the accompanying article on page , the melting 
points of the uropor])hyrin ester isolated from the bones and urines 
of those cases examined are lower than that recorded by Fischer for 
pure Uroporphyrin I methyl ester. In addition, a fraction was 
isolated from the mother li(|uors of the main crystallisation of the 
bone ester which appeared to be homogeneous and to have a greater 
solubility in methyl alcohol than the main product and also a melt¬ 
ing point as low as 253-5®. The copper complex, ])repared in the 
usual way, had melting jioint 300®. 

Some months after these observations were made, the writer 
visited Europe and there learnt that Waldenstn'un (1935, Deut. 
Archiv. Klin. Med. Yol. 178, pp. 38-49) and also Mertens (1936, 
Zeit. physiol. Chem. Vol. 238, j). I) had independently and almost 
simultaneously succeeded in isolating T^roporphyrin III from urines 
in cases of acute porphyrinuria, the structure being i)roved by decar¬ 
boxylation to coproporphyrin III. The melting point of Uropor¬ 
phyrin III octamethyl ester was given as 255® to 258®; copper com¬ 
plex 304®. Uroporphyrin 1 was not present in these cases. I had with 
me a specimen of Uroporphyrin (M.P. 268®), very small in quantity 
(4*6 mgm.) but Dr. E. Mertens of the Eppendorfer Krunkenhaus, 
Hamburg, very kindly offered to carry out the decarboxylation oi this 
sample according to the technique previously used and to compare 
the copper complex of the eoproporphyrin ester with that previously 
obtained by her from Uroporphyrin III. The experiment yielded 
only the derivative of the series I ester and by the removal of the 
copper and crystallisation, the identity of the porphyrin (ester M.P. 
245®) with eoproporphyrin I was further confirmed. Such a result 
indicated that the original uroporphyrin sample of low melting 
point was an impure uroporphyrin I or jHissibly uroporphyrin 
I in loose combination with some accompanying material. Compare 
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Fischer and Diiesberg (1932) whose preparation of M.P. 269® also 
only yielded coproporphyrin 1 on debarboxylation. Shortly after¬ 
wards, Fischer and Libowitzky (1936; Zeit, physiiol. Chem. Vol. 241, 
pp. 220-2, Nachschrift bei der Korrektur) claimed to have separated a 
low melting point uroporphyrin ester derived from Petry {? bone), 
M.P. 286®, by means of adsorption analysis into a uro-III ester of 
M.P. 261® and a uro-I ester of M.P. 302® (uncorr., 311® eorr.) The 
te(‘hnique is not described, neither was the identity of the uropor¬ 
phyrin III ester proved by degradation to the corresponding copro¬ 
porphyrin. 

The results of Fischer and his co-workers would thus seem to 
conflict with the present writer in whose low melting point prepara¬ 
tion, as stated, Dr. Mertens found only uroporphyrin 1 unless uro¬ 
porphyrin Ill was also present and coproporphyrin III being so much 
more difficultly (uystallisable than the I isomer had not been detected 
in the products of decarboxylation. It must be admitted, however, 
that the specimens in the present instan(*e had not been juirified by 
chromatographic adsorpt ion. 

1 wish to express my sincere thanks to Dr. M Mertens for lier 
very friendly and valuable collaboration and foi i)ermission to make 
use of the results she obtained in this way. My thanks are also due 
to Professor O. Schumm, the Princi])al of the Institute where the 
experiments were actually (*arried out. 

(^HROMATOGRARHIC SEPARATION OF THE FROl^ORPHYRIN INTO TWO 

Isomers. 

Attempts to separate the unesterified por])hyrin chromato- 
graphically having given somewhat disaj)pointing results, (these 
experiments will be recorded later) attention was directed to the 
treatment of the esters by the chromatographic^ method. In the 
search for a suitable solvent, the observation was made that 
uropori)hyrin octamethyl ester is easily soluble in hot dioxan 
(diethylene dioxide) but separates from this solvent on cooling in fine 
crystalline form. It is also jmssible to effect a high degree of 
purification by two, oY three repeated recrystallisations from this 
solvent since the low melting isomer is apparently much more soluble 
and remains largely in the mother liciuors. Thus, a specimen of 
uroporjdiyrin ester from bovine urine which had from chloroform- 
methyl alcohol a melting point practically constant at 278® was found 
to melt after one crystallisation from dioxan at 289-290® and after a 
second recrystallisation at 291-293®. 

Dioxan is a solvent eminently suited to the chromatographic 
method; alumina (Merck’s ‘ nach Brockmann ’) was found to be a 
better adsorbent than either calcium carbonate or talc. The above 
specimen when i)ut through the column diffused fairly rapidly and 
homogeneously downwards being washed out by fresh dioxan and 
leaving a small mahogany coloured ring near the top of the column. 
The mother liquors of the first recrystaliisation, similarly treated, 
gave a homogeneous rapidly diffusible fraction, crystallised by 
addition of hot methyl alcohol to the dioxan solution, M.P. 292-293®, 
and a narrow ring of pigment which .was eluted by pyridine or by 
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eliloroforni (‘ontairjing acetic acid (methyl alcohol containing 5 i)er 
cent, hy volume of s.iilphuric acid is a still better eluting agent) and 
crystallised in the usual way. It separated in the tyincal uropor]»hy- 
rin form, had M.P. 2b0^ and gave the following absorption bands in 
chloroform : 

()25 • 8 ; 572 • 1 mn.titn u tn; 5^35 • 0 ; oOO * 0. 

This material would ap])ear io be the ester of Uroporjdiyrin HI. 
When similarly Irealed, the uroporphyrin, sejjarated from the bones 
of the bovine wise rejxuied u])on in this paper, (M.P. 276-7^) was 
resolved into ]>ure uro])orphyrin 1 the melting point of which (ould 
not be raised above 29d^ by rejieated adsortion, and a small quantity 
of the other isomer M.T. 2 () 1 ° which it would appear is uroporj)hyiin 
111. The discre])ancy between the various melting i)oints recorded 
in the literature would thus be explicable upon the basis that small 
amounts of uroporj)hyrin 111 accomj)any the I series por]>hyrin in 
the congenital form of the disease. 

The coproporphyiin ester which had been obtained from the ])or- 
phyrinuric bile (M.l\ 2^7^^) was dissolved by warming in a little 
dioxan and filtered through an alumina column. The chromatogram 
on development with dioxan aHorded a sharply defined, iiairow ring 
near the top and a more rapidly diffusing fraction. This latter was 
cojiroporphyrin 1 (M.P. 24(i-8^) whilst the small amount of pigment 
retained more tenaciously appeared also to be a <opro])orhyrin. 

Spectrum in chloroform: (»2()*2; mn.rmnm; r)29-f3; 

49(r7. 

Further ^^orl\ in this direction is in ]>rogress. 
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H. II. (UJKSON and H. W. THOKNTON. 



A. C. MACDONALD (18()o-192G) who first roeognisod tlu* Ah'ikandor as a 
native beast. Archibald Campbell Macdonald was in tin* service ot the Depart¬ 
ment of Ajziricultnre, (.ape Colony, from 1889-1902. Ht* then became Deputy- 
Director of Agriculture, Transvaal, from 190»1 to 1907. From 1st July 1907. 
to 11th March, 1920, he was Director of Agriculture, Kenva. He died al 
Kabete on Cth July, 1926 (H. H. Brassey-KihNards, H.ll.C ^V.S.) 
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PREFACE. 

One of the most striking features concerning Cal tie Husbandry in 
Southern Africa is the fact that little or nothing has been done by 
Europeans to improve indigenous stock by selection, especially in view 
of the environmental difficulties experienced in farming, t\(j. drought 
and disease. This is all the more astonishing when one considers that 
in Great Britain and Holland, the original home of most white South 
Africans, skilful selection has led to the creation of some of the 
finest breeds in Europe. The practi(*e in Southern Africa has been 
in the vast majority of cases to improve native stock by grading with 
European breeds, a measure which in the opinion of Bisschop (1934) 
leads to degeneration in the arid and semi-arid regions of the 
country. As it is, the greater part of the Union is no longer occu¬ 
pied by ])ure indigenous cattle, but by nondescript herds destined, 
as in Egypt, to be absorbed ultimately into the Brachyceros type. 

Four excellent examples are provided by South Africa alone 
illustrating the advantages of improvement by selection, namely, 
Afrikander cattle. Blackhead Persian sheep, Angora goats, and th#^ 
ostrich. 

The authors, both of whom have travelled fairly extensively in 
Africa and have for many years realised the potentialities of indi¬ 
genous cattle, endeavour in this contribution to give an outline of 
the cattle types of Africa wuth their approximate divstribution. This 
after all is the basis of cattle husbandry whether improvement is to 
be effected by selection or by grading tip. 

A classifi(‘atiou based on conformation now being available, a 
new a})j)roach suggests itself, namely the distribution of blood groups 
and its relationship with the physical classification. This and other 
fundamental problems, particularly in regard to genetics and nutri¬ 
tion, offer much scope to those who have Native Cattle Husbandry 
at heart. 

In conclusion, we wivsh to express our indebtedness to the officials 
of the various Administrations for their (‘o-operation in the compi¬ 
lation of data. By their precise replies to the Questionaire, they have 
made the compilation of this article possible. Cordial thanks are 
due to the Se(‘retary for External Affairs, Pretoria, for arranging 
the issue of the Questionaire and for translations, and to the 
Sec retaries of Agriculture and Native Affairs, Pretoria, for their 
support. Particular appreciation is expressed to the Director of 
Veterinary Services (Dr. P. J. du Toit) for allowing his staff to 
participate in this compilation, chieflly in connection with the typing 
and photography. The assistance of others who rendered help C./ 7 . 
by the loan of photographs is acknowledged in the article, but a 
special word of thanks is due to Dr. A. D. Thomas for his aid in 
French translation. 


R. W. T. 
H. H. C. 


Onderstepoort. 
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CHAPTKK 1. 


PRELIMINARY. 


Intuoditctton. 

The object of this papei* is to make available the data collected 
from (a) certain African territoiies and (/>) certain extra-AfricuJi 
countries as the result of a Questionaire issued by the Secretary of 
Native Affairs (his file N.A. 13/327) through the Secretary of 
External Affairs in 1931.(^) The replies received from the African 
<^oiintries form the basis of Chapter II and those from outside Africa 
have been dealt with under Chapter III. Additional data, however, 
have been incorporated. 

The Questionaire was drawn up by one author (K. \\\ T.) and 
replies have been assembled into narrative form by the other author 
(H. H. C.) who received the files in November, 1935. 

Although at present receiving but scant attention, the problem 
of Native Cattle Husbandry really interests three State Depaitments, 
rtz.y the Division of Veterinary Services which is (‘oncerned chiefly 
in conformation and relationship to disease, the Division of Animal 
Husbandry in the economic; position from the European standpoint 
and the Department of Native Affairs which considers the matter 
naturally more from the native aspect. 

A definite policy has not yet been laid down, but it is hoped 
that one of the lesults of this contribution will be to focus attention 
on the subject and thus hasten tjie formation of some poli(;y. This 
obviously will be to the benefit of South Afri(;a as a whole. 

HivSToiac’AL Outline. 

As has been emphasised frequently, but little attention has 
been paid in South Africa to Native cattle as compared, for example, 
with the position in India.('"’) 

After the An,glo-Boer War of 1899-1992, A. C. M<*Donald of the 
Transvaal Department of Agriculture (see Frontivspiece) showed 
some interest in Afrikander cattle. Not only did he select, wdth the 
assistance of the Ilepatriation Department, a herd of 50 head as a 
nucleus for further improvement(®), but he expressed himself as 
being rather, inclined to the idea that the Afrikander cattle are 


(^) At a meeting held in the office of the. Director of Native Agriculture, 
Pretoria, in 1930 and at which both authors were present, it was agreed that a 
preliminary step in any investigation in native’ cattle should be the issue of a 
Questionaire. Others present were Professor, A. M. .Bosman (University of 
Pretoria) and Mr. G. P. Lestrade, Ethnologist, Native Affairs Department, 
Pretoria. 

(;') Even in Africa [Pierre, of French West Africa (1900), and Oarlier, of 
Belgian Congo (1912)] detailed attention was given to this subject over 20 
years ago. 

(•) The result of this experiment is not known. Jt is believed the cattle 
w'ent to i’otchefstroom School of Agriculture. 
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descended from one or oilier of the bieeds which were brought down 
frqin North Africa by the Native Iribes (Transvaal Afjricvltaval 
Journal^ October, 1904.) This view is now geneiully accepted. At 
the same time Sir Arnold (then Dr.) Theiler collected the skulls of 
indigenous cattle and sent them to Professor Conrad Keller of Zurich 
for craniological study. The result of this investigation appeared 
as a thesis in 1911, Hendrik Molhuysen of The Hague having worked 
uj) the material for a doctorate at the University of Zurich (Mol- 
lui,vsen, 1911). Subsequently Sir Arnold Theiler with Daniel Kehoe, 
M.R.C.V.S. (1888-192S) made observations on native cattle, but 
unfortutiately Ihe notes were not puldished and are now’ not avail¬ 
able. Again in 1922 Sir Arnold Theiler made an effort to develop 
this important branch of Animal Huslrandry. He endeavoured to 
arrange that an official at the Potcdiefstroom School of Agriculture 
should “ undertake anatomical research into the various breeds of 
cattle .... under” his control; but owing to departmental diffi¬ 
culties the sclieme la])sed. In the meantime, how^ever, a few skulls 
had been received at ()nderste])oort from South-AVest Africa 
((xroenewald and (hirson 193()) and Tanganyika ((^urson 1980) and 
these now form ])ait of the ()steological Collection. 

In 1927 one of us (H. H. (\) was ap])ointed Professor of 
Anatomy in the UniA’ersit> of South Africa (Transvaal University 
(\)llege) and the Director of Veterinary Services kindly allowed the 
investigations to proceed. In 1929 the second jiuthor was a{)pointed 
Director of Native Agriculture of the Union of South Africa and a 
commencement was made in 11)89 in the establishment of a herd of 
white cattle (Ai/oruaiptn/n/li) at Nongorna, Zululaud. The greatest 
im}>etus, however, was given to the investigations in 1988 when 
Dr. H. Epstein of AVelverdiend near Potchefsfioom made availalde 
his notes on rcvsearelies under'taken in Europe in regard to the rardal 
liistory of African cattle(^). 

From time to time articles and references to native cattle in 
the Subcontinent have appeared in the literature (Nobbs of S. 
Khodesia, 1927, and Duerst, 1981) (®). These liave in the main 
been referred to in the papers published since 1980 from Onderste- 
poort, including a list of references on the Afrikander (Crrrson and 
Bisschop 1985). 

Thk Miguation Routes or' Cattle tn Afiuca. 

It wTis Epstein who in 1983 first linked the scattered facts and 
put forward a working hypothesis in regard to the origin of our 
cattle, associated wdth, of course, the various human nrigrations 
that have taken placje sincie the earliest tintes.(’) 

(7) Unfortunately Dr. Epstein’s monograph on The Origin of Africans 
Indigenous domestic Aninials ha.s not yet appeared in print. 

(") Duerst should certainly he consulted. 

(®) While unfortunately Epstein’s researches have not been published in 
iotoy an idea of his views may h© gained from a study of Epstein (1933), Curson 
and Epstein (1934), and Epstein (1934). He no longer holds the view (letter 
of 10.4.36 to Director of Veterinary Services) that “ Hamitic lionghorn cattle 
are pur© descendants of lion primigenius Hahni, but a mixture. 
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In short, it is believed that the first cattle to be domesticated in 
Africa were “ the giant horned wild oxen of the Nile Valley called by 
Hilzheiiner Bos primigenius Hahui, nova svb-sp^cies Hilzheimer 

Then at the end of the Neolithic era, there entered Lower Egypt 
from Asia . . . cattle of an entirely different type, namely, the 
Brachyceros or Shorthorn. These accompanied the first invaders of 
Mediterranean stock(^**), who on their arrival compelled the original 
tribes (of Negroid stock) to retreat westwards. The migration of 
the people of the Mediterranean stock no doubt occupied many 
centuries, and it was notable for the arrival, about the end of the 
3rd pre-Christian millenium, of Semitic tribes, who were accom¬ 
panied by lateral horned cattle of zebu type (the present day 
Afrikander). This invasion further disturbed the Negroid people 
in what is to-day Upper Egypt and Abyssinia; and many tribes were 
compelled to seek safety by retreating southwards viz, : the Bush¬ 
men, Hottentots and Bantu. 

In consequence of the first invasion some of the original Hamitic; 
Longhorn cattle were taken westwards along the Mediterranean 
littoral to what is now Morocco. There the stream of migration 
divided, one branch proceeding north into Spain and Portugal and 
beyond, and the other south into what are to-day Ereiudi West Africa, 
and the various territories along the Gulf of Guinea, but particularly 
Liberia and Nigeria. Descendants of cattle which were taken into 
Europe are seen to-day in the liaza de Barroza, llaza Minhota, and 
Haza Alentejana of Portugal and the Andalusian cjittle of Spain. 
Da Costa (ly31), however, considers the Itaza Alentejana a relative 
of the Afrikander. From the Iberian Peninsula Brazil imported 
cattle and the Franqueiro breed •there represents the Hamitic*- Long¬ 
horn. Great Britain too, has representatives in the Black Cattle of 
Wales, West Highland Cattle and Herefords. While the Hamitic 
Longhorn has disappeared from North-East Africa, Sir Harry 
Johnston (190G) encountered descendants in Liberia and judging 
from the cattle of French West Africa and Nigeria, there is but 
little doubt that the present West African Zebu, with its large lyre 
horns and characteristic, head, contains a large proportion of Hamitic 
blood. 

As mentioned above, the first invaders of Egypt brought cattle 
of shorthorn type, which in time displaced the Hamitic Longhorn in 
Lower Egypt and even during the period of the New Kingdom 
(1580-945 B.C.*) they were dominant. In the course of time their 
owners were also compelled to seek pastures new, and again the path 
to the west along the Mediterranean was selected. As before, when 
opposite Gibraltar, the stream divided, one io the north into Spain, 


At the time of the Pharaohs, except for the- “ Egyptian aristocrats of 
the Pyramid Age (who were of Alpine stock), the inhabitants of Africa 
belonged to Elliot Smith's Negroid type [Perry (1936)]. Elliot Smith's types 
are Nordic, Mediterranean, Alpine, Mongolian, Negro, and Australoid [Human 
History (1933)]. 


* Yahuda (1934), p. xvii. 
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France and (xreat Britain and the other south along the shores of 
the Atlantic until the southern arm of the Uulf of Guinea was 
reached after centuries of travel. Representatives of this type are 
to be found to-day not only along the Gulf of Guinea as far south as 
the Cameroons,d>ut around the northern part of Afrc.ia as far east as 
Eritrea. 

In the meantime had arrived, as mentioned above, the Lateral¬ 
horned Zebu. These cattle had a great influence on the Hamiti(* 
Longhorn occurring in Tipper Egypt and Abyssinia, in fact as a 
consequence of the intermixture between the two stocks was created 
the Sanga type, the most common to-day in Africa south of the 
Sahara. Fortunately as a result of representatives of the liateral- 
horned Zebu stock coming into possession of the people now callefl 
Hottentots, cattle at this type were saved for posterity. The 
Hottentois being in the van of the human stream which migrated 
southwards, kept their herds pure. It can be imagined that the 
Hottentots would follow the Great Lakes and when south of Nyassa 
uould bear to the west and so reach what is to-day the South-West 
Africa Protectorate. Sir Harry Johnston believes that “ the first 
Bantu invasion from across the Zambesi ” (quoted by Prof. L. F. 
Maingard S, African JL Sr. 1929, p. H4o) took place about 700 A.D., 
sc that the Hottentots must have reached vSouthern Rhodesia before 
this date. When the Hottentots arrived on the shores of the Atlantic 
they worked their way south around the (^ape of Good Hope and on 
the arrival of the Dutch colonists in ](}o2, the advame guard with 
its numerous herds had already entered what is now the Eastern 
Province. 


Above have been described the probable migration routes of the 
three parent stocks of African cattle, viz.: the Hamitic Longhorn, 
Brachyceros ,and Lateral-horned Zebu. Reference will now be made 
to the likely paths taken by the owners of the Sanga cattle, estab¬ 
lished in Abyssinia and Upper Egypt by the intermixture of Hamitic 
Longhorn and Lateral-horned Zebu types. 


Following comparatively close on the heels of the IJottentots were 
tribes which included the Bantu of to-day. This migration, accom¬ 
panied by tlieir herds of Sanga cattle either divided into western 
and southern streams soon after their departure from North-Ea^t 
Africa (probably Abyssinia), or left at different periods. In any 
case the western nomads pasvsed through the southern i)art of the 
Anglo-Egyptian Sudan, and skirted the Glossina region of French 
Equatorial Afiica until Lake Chad was reached. Here to-day are 
to be found representatives of Sanga cattle. The southern stream 
probably ])assed through Uganda as had the Hottentots, and followed 
the Great Lakes until the Zambesi was reached. There it can be 
imagined, the various tribes dispersed, some going west into 
Rpchuanaland and Ovamboland, and others south into Southern 
Rhodesia and the Transvaal, and the remainder east into Portuguese 
East Africa and Zululand. As is well known, the advanr ing Bantu 
came into contact not only with the Hottentots, but also the Euro¬ 
pean settlers in the Eastern Province of tlie Tape of Good Hope. 
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Epstein believes that the next derived type, the Shorthorned 
Zebu, reached Africa from Asia when the power of Persia was at its 
zenith and afterwards durinf^ the Arab invasion. He further con¬ 
siders that it represents the influence in Asia of Brachyceros on the 
Lateral-horned Zebu. Map I represents the Shorthorned Zebu as 
arrivinj^ only by sea, but this is not the case. While osteological 
evidence may siipT)()rt this view, a study ot the hump, which is 
thoracic and inusculo-fatty (in (‘ontradistinction to that of its 
supposed progenitor, the Lateral-horned Zebu) certainly does not 
do so. In any case the Short homed Zebu is a comparatively recent 
arrival and distribution along the East African coast as far south 
as the Zambesi was due primarily to Arabs and Indians engaged in 
commerce. At some period centuries ago a migration must have 
oc(mrred in the direction of Nigeria from north of Kenya, for not 
only are there cattle of the Shorthorned Zebu ty’^pe in the territories 
bordering on the Gulf of Guinea, but another West African Zebu, 
the Lyre-horned Zebu, represents an intermixture between the 
Hamitic Longhorn and Shorthorned Zebu types. Hitherto only five 
lacial groups have been defined in Africa, but it is considered that 
in view of numbers and uniformity of type, the West African Lyre¬ 
horned Zel)u deserves to be classed as a sixth group or type(^*). 


Before closing the matter of migrations it should be stressed 
that migration is still occurring,the Shorthorned Zebu being the 
principal type concerned. A study of Map TI of the distribution of 
native cattle shows that the Zebu of East Africa is gradually extend¬ 
ing westwards from Northern Bhodesia through the Belgian Congo 
to the Sudan. In the reply to the Qufestionaire—see next section) 
received from the Cameroons it is learned that zebu cattle are of 
recent introduction into the norjh, having come through Northern 
Nigeria along with their owners from French West Afri(*a. 


In describing the cattle of the vaiious African territories, the 
countries associated with the various inigTations will be dealt with 
as follows: — 

First and Second Migration Routes.Egypb French North Africa, Gold Coast, 

N’Rcria, and French Equatorial 
Africa. 

Third and Fourth Migration Routes. Abyssinia, Anglo Egyptian Sudan, Uganda, 

Kenya, Belgian Congo, Tanganyika, 
Northom Rhodesia, Southern Rhode¬ 
sia, Portugese East Africa, South 
West Africa, and Union of South 
Africa. 

Fifth and Sixth Migrations. East Africa to West Africa. 


(!') A distinct polled type such as is featured by Keller in Ancient Egypt 
[Kronacher (1921)] need not be discussed here. 

0^) The European partition of Africa has been the most effective check to 
tribal migration. 
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Ci.AssmcATioN OF Native Cattle. 

The indigenous cuttle of Africa may be provisionally classified 
thus:— 


Non-Humped. 
Hamitic T.onghorn 

Brachyceroa. 


Humped or Zebu. 

C 1. Original lateral horned Zebu, now 
called Afrikander. 


1. True Zebu, 

(Asiatic in origin) 


-< 2. Shorthorned Zebu. Essentially 
of Asia, but well represented 
I in East Africa. 


2. Pseudo-Zebu 

(African in origin) 


.3. Sanya, best represented in 
South Africa. 

4. Lyre-horned Zebu, iiest repre¬ 
sented in West Africa. 


In the mail) sub-division, the preseiic.e or absence of the hump, 
irrespective of situation and structure, is the determining feature. 
In the further sub-division into True- and Pesudo-Zebu, not only the 
geographical origin, but also the type of skull and presence or 
absence of bifid superior spines of the thorac ic vertebrae (from Gth 
vertebra back wards) have been considered. 


The True Zebu has most frecjuently a long coffin shaped skull 
and the orbital arc.hes are not prominent. In addition the profile is 
generally convex, and tlie thoracic superior spines are bifid. 

The Pseudo-Zebu is not only not so uniform in conformation, 
but the skull shows marked evidence of Hamitic Longhorn influence, 
being wide in the forehead and the orbital arches prominent. The 
profile is generally fiat. In the Sanga the superior spines of the 
dorsal vertebrae vary greatly, being cuther single or bifid; but nothing 
is known regarding the liyre-horned Zebu, since no osteological 
material has been examined. The status of the latter has been 
determined entirely by photograph, which although as valuable in 
some respects as a written description, is not suffic ient. 

Suppose the t/y//c o/ hump were used as the criterion for the 
sub-division of the Zebu, we should have: — 


Orvico-thoracic and muscular hump.... 


ri. Original lateral-liorncd Zebu. 
[ 2 . Sanga. 


Thoracic and niuaculo-fattv hump 


pL Shorthorned Zebu. 
Lyre horned Zedm. 


Of the two scdiemes the former appears to be the more suitable. 


A Pleii for (Jo-operation .—The only niethod of decdcling which 
types oc'cur in a territory is to inspect the cattle in loco. Failing 
this, the alternative method is to {a) ])rocure photographs (lateral 
view) of typical bulls and cthvs, Avith particulars regarding the 
withers height and nature of hump in each c ase, and (/>) obtain, if 
possible (i) the skull of a good representative of the <vpe, both bull 
and cow, and (ii) a transverse slice of the bump, about 2 inches in 
width and taken vertically from the summit of the hump. The 


This classification does not entirely agree with that of Da Costa (1931L 
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section of the hump, preserved of course in formalin, will at once 
indicate whether it was taken from either a Lateral-horned Zebu 
(Afrikander) or Sanga or from a Shorthorned Zebu or Lyre-horned 
Zebu. The hump of the Sanga resembles the Afrikander while that 
of the Lyre-shaped Zebu appears to differ in no way from its Short¬ 
horned relative. No data are available concerning the hump in Ihe 
crosses between the groups mentioned. 

The differences between the various types and sub-types are 
exceedingly well-marked, but in time when skull material is avail¬ 
able it will be advisable to express certain features in a statistical 
manner. Not only wdll it be necessary to show the most constant 
features in measurements within the same group, the range of varia¬ 
tion in a particular type or sub-type, but also the differences between 
the several classes. 

A word is also necessary in regard to the measurement of cattle. 
The age, weight and sex must alwaj^s be given and the following 
measurements, preferably in centimetres (c?n.), are suggested: — 

{a) Length of body, t.c. from point of shoulder to Tnher ischii. 

(b) Height at withers. In the case of cattle with a hump the 
details including and excluding the hump should be 
given. 

(e) Height at hookbones, t.c. in a line joining Ihe 7\ cowac. 
{(1) Depth of chest, i,e, immediately behind elbow. 

(c) Width of chest across back, and behind shoulder. 

(/) Width of hookbones. 

{g) Width betw’een thirls, ?.c. Femxir, Trochanter major, 

(h) Minimum wddth between pinbones, ?!.c. Tuber ischil. 

(i) Heart girth. * 

(j) Length of head from summit of Torus frontalis to cranial 

end of nasal bone. 

(/c) Width betw^een eyes at medial canthus. 

(/) Length of croup, i,e. from Tuber coxae to Tuber ischii. 

In points which do not lie in a line parallel to the vertebral 
axis, the measurement is not taken in a direct line but in projection. 

Questionaire. 

AVhile the Questionaire might have been inserted after the 
section Historical Outline, it is felt since much has already been 
written independently on migration and classification that it w’ould 
be better if placed here. 

‘‘ Oonnfries and X^-rriturlus from which information is desired. 

India. Algeria. 

liJgypt. South West Africa. 

Morocco. Northern and Southern Rhodesia. 

Sweden. Uganda. 

Brazil. Kenya. 

Northern and Southern Nigeria. Norway. 

British and French CaToeroons. Tanganyika. 

Belgian Congo. Argentine. 
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Introduction^. 

With a view to building up certain types of native cattle in native areas, 
the Department of Native Affairs of the Union of South Africa is desirous of 
securing the most complete information possible on all types of native cattle 
found throughout the continent of Africa, and also of such other types in other 
parts of the world which resemble in colour marking, conformation, or other 
special features, certain special types found in the Union. It is hoped by 
tracing the breed-history of certain types to establish to some extent the 
breeding lines to be followed with native cattle in South Africa, particularly 
with reference to the type of local or imported sire to be used. 

The countries co-operating in furnishing the information requested will, if 
they so desire, be supplied with a complete copy of all the information secured 
with an analysis of the position in relation to South African cattle prepared 
by the offic'er responsible for the work in the Union. 

General Questions. 

1. If possible, give the origin of recognised types or breeds of cattle. 

2. Are the breeds or types mentioned under (1) believed to be indigenous 
or were they imported? If the latter, when and from where? 

3. State whether the breeds or types mentioned are humped or straight- 
hacked. 

4. Give a full description of the colour marking of each breed or tj^pe 
mentioned. 

5. State whether polled, horned, or a mixture of both, with a description ol 
the horns. 

(). State whether the animals are of good beef type or milking type: or 
neither; or both. 

7. State which of any breed described is supposed to bo the original breed 
and whether such breed or type was founded on other types now extinct; and, 
if the latt(»r, please supply a description, if possible, of such original extinct 
breeds or types as can be secured from paintings, rock drawings, and sculpture, 
et<*. 


8. State which breed or type was first domesticated, the approximate date 
of domestication, and whether still in use. 

9. Please supply photographs in triplicate of typical specimens of both 
males and females of each breed or type dealt with. 

10. Do any of the breeds or types described possess any special features 
such as slow maturity (say, five to seven years) or display extreme hardihood 
against adverse climatic conditions (such as great heat, drought), disease 
resistance, ability to range over great distances, etc. 

11. Special mention must please be made and the fullest possible particulars 
given of any white cattle with dark points which exist in any of the countries 
mentioned.(1^) By dark points is meant black ears, muzzles, eye rings or 
eye lashes, black teats, black hoofs, or spotted or black markings below the 
knee and hock; also whether any animals answering this description have 
black skins covered with white hair and whether black spots show through the 
white hair causing a silvering or spotted appearance, particularly as the animal 
advances in years. 

12. Which breed or type described is considered to be the most valuable 
and why. 


(^^) This {)oint is stressed, for one of us (R.W.T.) considers the colour of 
the coat, particularly white, an important point in the relationship of native 
cattle types. 
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13. Please give the territorial distribution of any type or types described 
in such manner as to permit of tracing the areas mentioned on a map. Please 
also give a description of the areas such as elevation and whether open high¬ 
land, grass, bush, or forest country; or whether low-lying, hot sandy, marshy 
bush or forest country with heavy or low rainfall in each case. 

14. Whether partially resistant to or immune from any disease such as 
nagana or other widely distributed and known trouble. 

15. Any other information. 

In addition to the information asked for under the foregoing general 
points, information on specific questions would be much esteemed from the 
following countries: — 


Imlia. 

1. Is the Krishna Valley Indian Zebu any better as a beef or milk producer 
or in any way different in colour or conformation from the general type ot 
Indian Zebu? 

2. Where can the best strain of beef and milking zebu he obtained in 
India and at what price for males and females? 

3. Can any information be supplied as to when cattle were first domesti¬ 
cated in India and whether the present-day Zebu is considered to be descended 
(without the infusions of other blood) from the original stw'k. 


JCgitpf. 

1. When were cattle first domesticated in Egypt? Did domestication take 
place during the third Egyptian Dynasty, say, 5,000 to 4,800 b.c. or at an 
earlier date? 

2. Do desert or other rock drawings, sculptui’es, or other works of art 
indicate what the conformation of these original animals was like and particu¬ 
larly whether they were humped or straight-backed. Could photographs of 
any such early and later works of art in which cattle are depicted he supplied? 

3. If the straight-backed and humped types both existed in Egypt in the 
early ages, which was the original type; and, if the straight-backed was the 
original (which seems likely) when was the humped type introduced, from 
where, and by whom? 

4. Which types of breeds predominate in Egypt to-day? Which is con¬ 
sidered the best type or breed for beef and/or milk and why? 


Morocco and Algeria. 

1. Is the predominating type humped or straight backed? 

2. Can the origin or breed history of the predominoting types be given? 

3. Can any photographs be supplied of rock drawings or other works of 
art depicting cattle of the early ages with apf)roximate dates? 


Nigeria {Northern and Southern) and Camerooits {British and French). 

1. The closest possible description of the cattle of this area is desired with 
the breed history or origin particularly of two types, i.e. the Cow Fulani cattle, 
which are of the usual Zebu type (white with black points and humped) and 
the small type found in the forest country believed to be straight backed. 

Belgian Congo. 

1. A full description, the breed history, and origin of the large Ruanda 
cattle is greatly desired. The colour and markings, whether they are heavily 
humped, and the type of horn growth, beef, and milk qualities should be 
specially commented on. 
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Particulars of any other special types are also desired and particularly 
whether the small forest type mentioned under the Nigerias and the British 
and French Cameroons exists and, if so, where and to what extent and whether 
straight backed. 

Niinmy ami SiveAlen. 

1. It IS understood that the Bcandinavian Fjiillras or mountain breed are 
polled cattle mostly pure white with black points though, in many cases, silver¬ 
ing is noticeable. Is this correct? 

2. Is it correct that they are entirely straight backed, i.e. without humps? 

.*1. Any information as to their breed, history and origin, milking, beef 
qualities, hardihood, etc., will greatly appreciated. 

Brazil ami the ArntnUinr. 

It is considered possible that the type of cattle m parts of Africa may 
liave been influenced by introductions from Spain and Portugal during the 
period of Moorish occupation and particularly when the Moors were expelled 
from Spain; and, further south, they may have been introduced by Portuguese 
traders, after th(' discovery of the Cape. If this is the case, then it is likely 
that the type introduced would have resembled the type introduced into, and 
which still abounds in, many parts of the South American continent. It is 
therefore very desirable 

(«) 'fo ascertain as nearly as possible the date when cattle weie first 
introduced into South America. 

(h) By whom were they introduced? Presumabl.> tin* priests of that 
time ? 

{v) Were th(‘ animals introduced of any distinct type or breed recognised 
in Spain or Portugal to-day? 

id) Does the jiresent C'reollo type, descended from the original importa¬ 
tions, closely resemble the original or foundation stock? 

ie) An accurate description of the existing type, with photographs, of 
typical hulls and cows is greatly desired." 

To suiuniarisp, if may be sfated that:—• 

1. General information was required concerning the cattle of 
iwehe African territories and five extra-Afiican roiintries(^'’). 

2. Special informution was requested from six of the African 
territories and from each of the extra-African territories. 

3. In regard to general information particulars were required 
with refereiK'e to: — 

(a) Not only the country of origin but also the racial origin. 
Emphasis was laid on the evidence afforded by “ paint¬ 
ings, rock drawings and sculptures, etc.’' 

(/;) The types of breeds recognised in each country, with 
details of the horns and humps. 

(c) The value of the various types in regard to beef or milk 
production, 

(il) The resistance of cattle to disease and adverse climatic 
conditions. 


It was possible to add information from other territories. Those are 
indicated by asterisks. 
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(e) Special mention was made of colour, particularly white 
cattle with dark points, it being believed that this would 
throw light on the question of relationship of types. 

(/) The territorial distribution of the various types. 

(ff) The associated environmental features, e.ff. altitude, rain¬ 
fall, type of vegetation, etc. 


Summary. 

Apart from the Introduction, reference has been made: — 

(a) To the steps leading to the present investigation; 

(b) to the probable migration routes m Africa since the 
earliest folk-wanderings where such have been accom¬ 
panied by cattle. As Prof. 13art (193r3) remarks, “ There 
is no more vital aspect of anthropology than the study of 
domestic animals Map I indicates both the probable 
migration routes to Africa and within Africa, along with 
suggested dates of these events; 

(r*) to a provisional classification of native cattle based on the 
preseiK^e or absence of the hump and then on the shape of 
the skull. Of interest is the fact that the so-c/alled True 
Zebus are Asiatic in origin while the Pseudo-Zebus are 
African in origin; 

{(L) to the (jiiestionaire issued to the goyernments of certain 
countries outside the TTnion of South Afri(?a(^‘‘)‘ 
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CHAPTER II. 


THE NATIVE CATTLE OF AFRICA. ( M 

Inthodtction. 

Further to the Questionaire it will be observed that in the data 
whirl) follow, emphasis has been laid upon cattle types and their 
genet al distril)utiou. The replies as a rule having furnished so 
little information in regard to environmental conditions, e.ff. alti¬ 
tude, rainfall, and vegetation, it is felt, that having map])ed 
out the distribution of cattle (see Map II), one could more profitably 
compare Ihis with good topogra])hical maps such as those already 
compiled hy Shantz and Marbut (1923). 

The same remark applies in general to other points raised, e.g. 
e(*onomic uses of cattle, lesistance to disease and adverse conditions, 
maturity, etc. So little work has been done on beef and milk pro¬ 
duction that the authorities with justice (*ould not be ex])ected to 
reply in detail to this question. Where information exists it ha< 
been included in the text. 

(”) According to Vet. Jl. of 18.4.36 (quoting Meat Trades Jl.) the distri¬ 
bution of cattle by continents is Asia 185,541,060, Europe 141,984,CKX). South 
America 104,840,000, North America 93,830,000, Africa 22,547,000 and 
Australasia 18,606,000. 
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Concerning resistance against disease and adverse conditions in 
general, it can be accepted that native cattle, which have been 
subjected to the vicissitudes of the country of their origin for cen¬ 
turies, are able to withstand such adverse circumstances better than 
European cattle. Again local cattle are more resistant than intro¬ 
duced cattle. The term acclimatised ’’ expresses the state when 
animals introduced into a certain locality have acquired and are 
able to resist the many vicissitudes of the area in question, e,g, 
climatic conditions, pasturage and local diseases. A striking example 
of adaptation is the Shorthorned Zebu which according to the Tan¬ 
ganyika veterinary reports is superior to the Ankole. 

In regard to maturity, while puberty is as early or earlier when 
compared with European breeds, production maturity cannot be 
expected as soon in Africa owing to the different enviixmment. 

(A) First and Second Migrations. 

In a description of the cattle of North and West Afri(;a we 
must consider the human migrations into Egypt, the gateway of 
Africa from Asia. As has already been described the early wan¬ 
derings were along the Mediterranean shore to Morocco, and then 
either north into Europe or south to the countries around the Gulf 
of Guinea. We may now pass on to a description of the cattle in 
the territories associated with those early migrations. 


The reply furnished by the Veterinary Service of the Egyptian 
Ministry of Agriculture and forwarded through the Iligh Commis¬ 
sioner, Cairo, to the Department of External Affairs, Pretoria (High 
Commissioner’s letter 248/(5/32 of 4.4.82), stalest^®) as follows: — 

t 

Origin, 

(a) “ The date of cattle domestical ion is rather obscure, but it 
took place from the earliest stages of Egyptian history, even before 
the 3rd Egyptian Dynasty (c. 4000 B.C.). It is known that King 
Mina (Menes) was very interested in agriculture and land reclama¬ 
tion. He utilised both man power and cattle power to alter the 
position of the river Nile from the desert to it^ present position. 
Most of these indigenous animals were 'palled Tour italics! Polled 
cattle were known in ancient Egypt—see Neffgen (1904) and 
Kronacher (1921)], but became extinct about 2000 B.C., and replaced 
by the types(^®) mentioned ” below. See Fig 4. 

(’*) Accompanying this were 18 excellent photographs, 4 of ancient monu¬ 
ments showing the Kami tic Longhorn type, 1 showing the original pre-Roman 
Brachyceros type (see Fig. 2 of ** A Note on the Three Parent Stocks of 
African Cattle ’’ by Curson, H. H., Onderstepoort Jl. Vet, Sc. and Animal 
IndAist,^ 19.35), 2. of the present Shorthorned Zebu, 1 of the Afrikander, 2 of 
European cattle and finally 8 of the Egyptian cattle of to-day. 

(1®) Curson uses the term type to indicate the main classes of cattle, e.g. 
Hamitic Longhorn, Lateralhorned Zebu, Brachyceros, Shorthorned Zebu, Lyre¬ 
horned Zebu and Sanga. The word suhtype is employed for each sub-class 
within the main class, e,g. in the Sanga main group are, among others, the 
following subtypes:—Ankole, Baila, Bechuana, Ambo, Zulu and Makalanga. 
Breeds m^y be evolved from the subtypes, e.g. Black “ Nkone and 
Nyoniaipumuli ’’ from the Zulu. 
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Photographs were supplied illustrating from aneient monuments 
the extinct type; hut while these indicate horned cattle (Hamitic 
Longhorn), the text again refers to the cattle as being “ mostly 
polled ” ! It is, however, considered that the term homed and not 
polled is meant. See Fig. 1. 

{h) In describing the types of cattle introduced into Egypt sub¬ 
sequently^ the following are referred to: — 

(i) Afrikander. These “ were brought into the land during 
the many . . . conquests of the ancient Egyptians . . . 
and tlierefore it is the oldest in date . . . nearly 3000 
H.(\ See Fig. 3. 

(ii) European (tattle (Hos tavrus). These “ were imported 
espe<*ially by the Romans on their conquest of Egypt(*") 
and their settling to farming . . . .” See Fig. 4. 

and (iii) The Zebu i.e, Shorthorned Zebu (lios mdicus). Thes» 
were “ imported especially by the Arabs during their 
invasion of tlie country and therefore it is of more 
recent date (OOO A.l).). 

The result of the intermingling which has since followed is 
shown in Figures r)--12; but a comment made in describing the 
present cattle of Egypt namely that they can hardly be considered 
now as distinct breeds is significant. 

(c) The above details summarised indicate that Egyptian cattle 
first became domesticated “ probably before and during the 
Neolithic era (Ourson and Epstein 1934), but that about 2000 B.C. 
they became extinct. They were, however, replaced from without 
Egypt during three series of invasions, when (a) the Afrikander 
(presumbaly from Asia), (b^ Eos taunts from Europe and (r) Bos 
indicus from Asia were introduced. 

Present Cattle. 

In view' of the remark made alwve legarding the non¬ 
distinctiveness of the so-called types of cattle, it is perhaps advisable 
to refer to them not so much according to their conformation (the 
usual method), but in accordance with their geographical distribu¬ 
tion. The document sent from Cairo gives the following informa¬ 
tion : - 

{a) In Lower Egypt are to be found the (i) Damietta (Fig. 
5 and 6) and Oi) Baladi or Beheri (Fig. 7 and 8) cattle, 
the former predominating along the coast. 

{b) In Upper Eqyvt along the Nile occurs the Saiidi type 
(Figs. 9 and 10.) 

and (e) In the desert are the Marriouti or Arabian cattle (Figs. 
11 and 12).(>’^). 

(*®) Octavianus (Augustus) defeated Cleopatra’s forces at Actium in 
.11 B.C. and thereupon became master of Egypt. The Roman garrison consisted 
of one legion, approximately 4.000 men. 

(**) According to information kindly furnished by the Chief Veterinary 
Officer, Palestine (his V/8/2/20 of 8.3..1.5), an Arab breed occurs in bis terri¬ 
tory. No photograph accompanied his description of the breed, hut it is likely 
to be essentially of Brachyc^eros type as is the Marriouti beast. 
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“ All types mentioned show predominance of red (of lighter or 
darker shade), occasionally black is found and also white 8ix)ttings 
. . , the horns are nearly cylindrical, not longer than eight inches, 
bluntly ended with either horizontal outward or downward sweeps. 
The Damietta cattle have finer and occjasionally more pointed horns 
with an upward sAveep 

“ All types of Egyptian cattle are somewhat slow to mature, 
hardy against heat and drought (especially the Marriouti) and 
possess great resistance to indigenous diseases 

“ Dark points are met with in all types of Egyptian cattle, 
especially the black muzzle, eye rings, eye lashes, black hoofs and 
black legs under knees and hocks. IHack skins covered Avith white 
hair are not found among J]gyptian cattle .... Tied animals 
with black shoulders, necks, and quarters are much in favour ”. 

Special features of the A^arious types may be mentioned thus: — 

(i) The Damietta cattle “ are very slightly humped (due to 
the predominance of European blood) . . . and are 
valuable in their native district for milk purposes 
The distribution is, “ predominates near the coast of 
the Mediterranean to the north-east of the Delta ”. 

(ii) “ The Baladi type is the most valuable, because of its 
size and strength for Avork purposes. It is found in 
LoAver and Central Egypt 

(iii) Saiidi cattle are “ met with in the southern provinces 
of Upper Egypt along the Nile banks 

and (h’) The Marriouti type is “ rare in numbers and is to be 
seen in the desert near the coast of the Mediterranean 
to the north-west of the Delta 

In regard to immunity against local diseases, it is stated that 
‘‘ all Egyptian cattle are highly resistant to Stiff-sickness and Foot 
and Mouth Disease (not the suckling cah’es). They are also resis¬ 
tant to Texas or Egyptian FeA'er (except in some cases of debility 
and old age) 

To summarise, it may be stated that.while the conformation is 
somewhat similar in all Egy]dian cattle (due to crossing “ for A^ery 
many generations ’’), yet geogra])hically, certain groups are recog¬ 
nised, riz. the Damietta and Baladi in Lower Egypt, the vSaiidi in 
Upper Egypt, and the Marriouti or Arabian cattle of the desert. 
These cattle possess immunity to certain local diseases. 


Discmsion, 

Origin .—As indicated, domestication occurred “ probably be¬ 
fore and during the Neolithic era and the cattle Avere mainly of 
long-horned and humpless type, now called the Hamitic or Egy^ptian 
Longhorn. It is not agreed by the authors (H. H. 0. and R. W. T.) 
that these cattle became extinct about 2000 B.C.^^ 
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As to the subsequent introduction of cattle, whereas Curson and 
Epstein believe that they arrived in the order Brachyceros, Lateral¬ 
horned Zebu (Afrikander) and Shorthorned Zebu, the Egyptian 
authorities hold that the Afrikander came first, to be followed by 
European (? Brachyceros) cattle during the Roman occupation and 
then by the Sborthorned Zebu. It is generally ac(*epted that the last 
named accompanied the expansion of Islam during the VIIth 
century. 

The cattle stated to be of European origin are of Brachyceros 
type, and are believed by Curson and Epstein to have been introduced 
prior to the lioman occupation from Asia, as the mural reliefs of 
the temple of ITatschepsut in Dair-al-Bahri (Yahuda 1934, p. 8) 
show. Their influence on the present cattle of Egypt is striking. 

Epstein (1933) has referred to the part played by the Lateral¬ 
horned Zebu in Egypt, and acuording to him the Sanga (or so-called 
native cattle of Central and Southern Africa) represent the cross 
between this Zebu and the original Hamitic rattle. Judging by the 
hump of the Egyptian cattle of to-day, the importation of Lateral¬ 
horned Zebus (Afrikander) into North-East Africa must have been 
on a very large scale(**). 

Present Types. —Confirming the observation that there is a uni¬ 
formity of Egyptian cattle, owing to the intermingling of centuries, 
is Flower’s (1932) comment that in his time (?) “ the domestic cattle 
of Egypt . . . were all of one shorthoriUMl type from Alexandria to 
Aswan 

One natiirally enquires what the photographs indicate? The 
reply is that with the exception of the hump which is rervico-fhoracic 
and best marked in the bulls, the cattle show Brachyceros features. 
The hump, which is also prominent in the Saiidi cow, Eig. 10, is of 
the shape observed in the Afrikander and Sanga ty'p^s and not of the 
form and situation observed in the Shorthorned Zebu, which accord¬ 
ing to the opinion of the Ministry of Agriculture, Cairo, is respon¬ 
sible for the marked hump of the Saiidi cattle. 

What has i)robably ha])pened is that formerly (up to some cen¬ 
turies ago), the (*attle of Egypt were generally of the Sanga type; 
but that through the constant introduction of cattle of the Brachy¬ 
ceros type (now admittedly from Europe), the conformation has 
become almost Brachyceros-like, the hump, however, retaining the 
characteristics of that of the Afrikander (or Sanga) type. In this 
connection it is signific>ant that the “ Damietta cattle are very 
slightly humped ” (due to the predominance of what Curson and 
Epstein prefer to term Brachy’^ceros(^'*) blood 

As will be manifest later, in Algeria apparently all evidence of 
the cervico-thoracic hump has disappeared and the cattle are defi¬ 
nitely of Brachyceros type. 

(”) On the other hand the iiujjortatioii and influence of Sanga cattle from 
the Sudan must also be considered. 

The Cairo reply uses the word European. 
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It would seem that in Egypt unlike in East Africa, the Short¬ 
horned Zebu did not swamp the country(®'‘). Again the same pro¬ 
cess, as described in the last paragraph but one, is occurring in the 
Subcontinent to-day, where cattle of Sanga type through indiscri¬ 
minate crossing wdth European cattle are being replaced by non¬ 
descript animals of Brachyceros type. 

French North Africa, 

The subjoined particulars were provided mainly by the Heads 
of the Service de TElevage of Algeria and Morocco, who were 
approached in the first instance through the British Embassy, Paris. 
The particulars forwaided from Paris to Pretoria were sent under 
cover of letters dated 2r)th January, 1932 (concerning Morocco) and 
9th March, 1932 (concerning Algeria) and addressed to the Minister 
of External Affairs (General The Honourable J. B. M. Hertzog). 

Origin, 

The cattle of North Afiica are essentially of one ty[)e, Brachy¬ 
ceros; but* through differing environment and admixture in the 
distant past the blood of other types (c./y. Afrikander in Egypt and 
probably Hamitic Longhorn in North West Africa), sub-types have 
arisen. From these sub-types, breeds have been created chiefly by 
selection, on the initiative of the French authorities, when they took 
possession of the country. Johnston (190(), j). 908) leteis to rock 
engravings of cattle in the Sahara. 

While the relationship with the Brachy6eros cattle of Europe 
is generally recognised, Saint-Hilaire is not inclined (p. 189) to 
support the theory of an origin from Asia by way of Egypt. 

Present Cattle, 

The territories to be considered now are Tunis, Algeria and 
Morocco. 


Turns.* 

No questionaire was sent to Tunis, but for completeness infor¬ 
mation bearing on th^ country will be given. 

According to Saint Hilaire (1919), the cattle resemble those of 
the Guelina ‘‘ variete ” of Algeria to which w^e shall refer later. 
He adds that the cattle of Tunis are among those having the best 
conformation in North Africa, owing to improvement brought about 
by local selection and thus giving the most rapid results (p. 194), 
See Figs. 13 and 14 (Plate XIX of Saint-Hilaire 1919) w^hich show^ a 
typical Tunisian bull and cow. 

Algeria. 

In addition to Saint-Hilaire"s volume, replies to the questionaire 
are available from the Departments of Constantine, Algiers and 
Oran. Unfortunately not the originals but their translations were 
received for this compilation. 


(®^) Little or nothing is known of the genetics of the hump. It is obviously 
of importance in classification. 
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The following* breeds (vurietes) are to be found: — 

(а) Cheurfa ooourring in the Department of Constantine. 

(б) Guelma found throughout the eountrv, but chiefly in the 
eastern j)art of Algeria. 

(c) Kabyle from Constantine to Algiers. 

{(1) Oran found in the Department of the same name. 

And (e) Chaouia occurring in the Department of Constantine. 

This breed is mentioned in the reply from Constantine, 
but no partifmlara are given except that it resembles the 
(xuelma and (dieurfa breeds. 

lllustiations are available of the Chuerfa bull (Fig. 15) and of 
the (Juelma bull and cow (Figs. IG and 17). 

The Cheurfa breed is believed by some authorities to represent 
the varicle ” from which Ihe Ouelma was evolved (Saint-Hilaire, 
p. 192), since its distribution, especially in the south of Constantine, 
is more extensive ihan that of the (liielma. The main difl^erences 
are the better development of body and the predominance de 
blanc ’’ of the coat, giving a light grey colour. The (‘oat of the 
bull is always darker than that of the ox and the cow ” (Reply of 
25.4.^12 from Constantine). In general the Chuerfa is taller and 
bigger and more in demand than the Guelma. 

It is clear from the reply from Algiers and Oran that the 
authorities do not distinguish between the above two breeds, for the 
cattle of Algeria are roughly classed into (a) the Guelma of eastern 
Algeria and (h) the Moroccan cattle of western Algeria. The former 
are described as short, the height varying from 1*15 m. to 1*25 m., 
the horns are small and carried horizontally, they are sharp pointed 
and the colour is white at the base and black at the tip. There is 
a band of white hair above the muzzle which with the buccal mucosa 
is black. The colour of the (*oat varies from a deep iron grey of the 
head, neck, shoulders, lower flank, and leg to a pale grey elsewhere, 
except the under surface of the belly which in the majority of cases 
is white. The conformation is pleasing from an European stand¬ 
point, the body being thick set and the ribs well rounded. As is 
noticeable in Figs. IG and 17, the tail is long, light grey in colour 
and ends in a black tuft. 

The Kabyle breed is an excellent example of the effect of en¬ 
vironment on conformation. Through grazing on poor pastures for 
generations the cattle, which are of Brachyceros type, have degene¬ 
rated and vary now in size from 0*8in. to l‘15m. While in general 
resembling other cattle of East Algeria, the Kabyle has in proportion 
a longer skull and is “ plus osseuse que le Guelma ’’ (Saint-Hilaire, 
p. 192). 


The Oran cattle are descrribed as somewhat less regular in build 
than other Algerian cattle, but bulkier and larger in size, varyina: 
between 1*20 m. and 1*25 ni. They have no doubt been influenced 
by Moroccan cattle whiidi appear to possess some proportion of 
Hamitic T4onghorn blood. . 
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Morocco, 

The Chief of the Cattle Breeding Service of Morocco writing 
from llabat on 29.12.31 states that the origin of Moroccan cattle 
is uncertain. 

Moroccan cattle occur also in the Department of Oran, being 
met with regularly in the markets of Marnia and Ain-Temouchent 
They are bigger than the ea^stern cattle and range up to 1*40 m. in 
height. The horns grow outwards and upwards in a regular curve 
. . . the withers are thick and well defined, the back broad and 
its line often regular. The rump tends to narrowness with the 
haunches protruding. . . . The fore limbs are strong and regular 
and the chest deep. . . . The coat varies from jet black to dull 
white, passing through all shades of red which is the predominating 
colour (Iteply from Oran). See Figs. 18 and 19 illustrating the type 
(Plate XXI from Saint-Hilaire). 

Saint Hilaire states (p. 190) that in East Morocco the cattle 
of the mountainous region are short with a dark coat and resemble 
the Kabyle cattle. 

In a publication issued by the Service del’Elevage in 1923, while 
it is stated that the cattle are characterised by a lack of uniformity, 
two breeds, however, may be recognised. The first, la race hrunc, 
has a dun coat with black extremities and the second, la race blond^ 
has a pale coat with the extremities slightly pigmented or without 
pigmentation at all. 

Attempts at improving the native herds by grading up with 
European, especially French breeds, and the Shorthorned Zebu, are 
being made. 

North African cattle are stated to be indifferent milkers, espe¬ 
cially those of Western Algeria. The reply from Constantine 
describes the milk as rich in butter-fat, and that from Algiers and 
Oran gives the average milk yield as up to six litres, although 8-10 
litres may be occasionally obtained. Saint-Hilaire believes that in 
Morocco with its better climatic conditions the possibilities for 
improving the milk yield are superior to those of Algeria and Tunis. 
He adds that in the Vallee du Sebou par exemple, elles donnent 
jusqu*a 14 a 15 litres (p. 196). 

In regard to live weight he states (p. 195) that whereas the 
average figure for Algerian and Tunisian cattle does not exceed 
250 Kg. probably 50 Kg. less according to the Oran data), the cattle 
of Maghret, Morocco, give an average of 275 Kg. Cattle are, how¬ 
ever, met with which exceed 400 Kg. 

West Africa, 

As will be seen (p. 12) questionaires were sent only to Nigeria 
and the French Cameroons (Mandated Territory), but it is felt that 
information bearing on other territories should be recorded, for it is 
in West Africa that least is available about indigenous cattle. 
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West Africa represents, as does South Africa, a cul-de-sac and 
it is the furthest point which could be traversed by tribes migrating 
from the north and east. Unlike South Africa, however, the unfor¬ 
tunate nomads could not continue following the coast-line southwards 
(as did the Hottentots in South Africa) for their advance was blocked 
by the immense equatorial barrier of Ulossina. Presumably what 
happened was that the earliest people with their Haniitic cattle did 
not penetrate the dense forest region bordering the (xulf of (xuiriea, 
but dispersed in the more open country betweefi Fiench Senegal and 
Northern Nigeria. 

The succeeding wave of migration, with Brachyceros herds, on 
finding only the littoral unoccupied were accordingly compelled to 
inhabit the (xlossina infested jungle along the (xulf of Guinea. 
These territories are known to-day as French Guinea, Liberia(^^), 
Ivory Coast, Gold Coast, Dahomey, Southern Nigeria and French 
Cameioons. Through living in such an unfavourable environment 
Brachyceros cattle have in the course of centuries (or rather millenia) 
deteriorated and are now considerably smaller in size than their 
relatives in FiUrope, e,g, the Jersey, Guernsey and Kerry. While 
dwarf-like and of no value at juesent for dairy purposes, the type 
is at least resistant to Nagana, a malady which would kill European 
cattle in a few weeks. 

Above have been outlined the First and Second Migrations, but 
a description of West African cattle would be incomplete, unless 
reference were made to the Fifth and Sixth Migrations. The former 
concerns the arrival in West Africa, in the vicinity of Lake Chad, 
of nomads from North-East Africa (probably Abyssinia), accom- 
l)anied by Sanga cattle. As will be seen in Fig. 3G, these cattle, 
represented to-day by the Bornu cattle, are similar to the Sanga 
cattle of South and Central Africa. 

The Sixth Migration refers to the passage of the Shorthorned 
Zebu from the East African coastlands westwards north of the 
Equatorial “ fly ” region, to Northern Nigeria and French West 
Africa (north of the Glossina region). From these «‘attle, along with 
the early Hamitic Longhorn stock, has arisen the Lyre-horned Zebu, 
best represented in West Africa and to which this is the first 
reference as a distinct type. Stewart of the Gold Coast writes 
(14.1.36) that the (toss between the Shorthorned Zebu and Brachy¬ 
ceros has given rise to an intermixture which exists in large numbers, 
but until more details are available as to the uniformity and confor¬ 
mation of the hybrid, it cannot be considered in a general survey. 
It was Pierre (1906) who attributed the origin of what is apparently 
the Sanga (see Figs. 24-26) to this cross. 

Another new feature is the use of the term Lateral-horned Zebu 
(in place of longhorned Zebu) for Afrikander, made necessary by the 
incorporation of a sixth cattle type, the Lyre-horned Zebu which is 
also longhorned. 


(35) Qu gjjj. Harry Johnston’s evidenct' Hamitic lionghorn cattle also occur 
in Liberia. 
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To summarise, it may be stated that the following* cattle types 
are to be found in West Africa:—Hamitic Longhorn (few in 
Liberia), Brachy(‘,eros, Shorthorned Zebu, Sanga, and Lyre-horned 
Zebu. 

Each territory will now be considered separately, 

French TLc-ift Africa.^^ 

It was from a French veterinarian, Pierre, that the first descrip¬ 
tion of West African (‘attle was received. In his UElevage dans 
VAfriquc Occidentale Francatse Pierre classifies the genus Bos thus: 

{a) “ les bovides zebus ’’ i.e, humped cattle, and 
{h) “ les bovides taurins ” /.r. non-humped cattle. 

{a) The term zebu in West Africa, as indicated above, appears to 
include not only the Shoithorned Zebu seen in East Africa, but also 
cattle Mith lyie-shaped horns and a thoracK* hump. The general 
information suggests a strong infusion of Hamitic Longhorn blood, 
which can be well understood uhen one considers Sir Hairy John¬ 
ston’s (190()) evidence concerning Mandingo cattle in Liberia. 

The Zebu is described as occurring throughout Fren(*<h West 
Africa north of latitude 14®. South of this line trypanosomiasis and 
piroplasmosis are the factors limiting its extension. 

Pierre, as the result chiefly of environmental influeme. further 
groups the zebu as follows: — 

(i) The Peulhe or Gobra sub-type,(®‘^) 

(ii) The Moorish or Gabrfruye sub-type, 

(iii) The Nigerian or Foulbe sub-type, and 

(iv) The Fogha sub-type. 

The four sub-types are shown in Figs. 20-28. The Peulhe and 
Moorish cattle quite evidently belong to the Tiyre-horned Zebu type. 
It must be remembered that in British Nigeria several types of Zebu 
cattle also occur, and these are not 1o he confused with the French 
Nigerian Zebu. 

(b) Pien*© includes in the designation taurine, noi only the 
Ndama cattle (of Brachyceros type), btit also the intermixtures 
arising between cattle of Zebu and Brachyceros types. In this 
paragraph reference is made only to true Brachyceros cattle, their 
crosses being left to the following paragraph. Pierre mentions the 
Race de Borgou and Race Cotiere, but these are also ‘‘ varieties ” of 
Brachycero8(®^). 

Among the derived types or cattle originating thiough crossing 
are:—(r/) The Bambara or Mande and (fe) the Djakore or Sengalese 
cattle. The former is described by Pierre as uniform and widely 

( 26 ) Pierre actually uses the word ‘‘ variete 

(®^) Pierre describes the Race Cotiere as frequently being hornless. Stewart 
in the Gcdd Coast encountered six polled cattle out of approximately 200,000 
(private communication). 
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distributed. Figs. 24 and 2n show the eonlormation. It will be 
noted that there is a fairly ])roininent cervicothoraeic elevation, and 
Pierre, instead of describing a “ bosse ” or hump, mentions that the 
withers (“ le gariot are sometimes elevated and very large. The 
latter is said to he the cross between the (jobra bull (Lyre-horned 
Zebu) and the Ndama cow (Braehyceros). The hump (i.e. the 
thoracic* musculo-faity structure) is said to have disapj^eared, but 
remarkable to relate, the Djakorc^ beast “ reprend tons les caracteres 
zootechnicjues du pere a la »le on 4e generation ’’ (i). 109). See 

Fig. 20. 

l^ierre makes no reference to Mandingo cattle which Johnston 
des(*iibes as “ the dominant type of the Mandingo Plateau and the 
regions of the Tipper Niger, Senegal . . . ’’ (p. 907). See Figs. 
27 and 28. 


(raid Coast."^ 

Thanks to l^ierre and Stewart (P.V.O., Gold Foast) jnuch inf or- 
Illation is available coii(*erning Braehyceros cattle not only in the 
(xold (\)ast but throughout West Africa. Tt was the second authority 
who first used the name West Afric*an Shorthorn for cattle of this 
tyj)e. Tw’o [)apeis (by Kpstein and (Hirson respectively), summaris¬ 
ing the chief facts regarding Braehyceros (tattle in Northern Africa, 
were published in the Jfmrnal of the South Afneau Veterinary 
Medical Aiisoeiatuni, Vol. V, No. 4, 1984. 

Stewart (Ann. lipf. 1929-80, p. 10) <*onfirms Pierre’s observa¬ 
tion that the country south of latitude 14° is not occupied by Zebu 
cattle in any number. He states that these cattle (zebu) are im¬ 
ported (from French territory) and travel to the markets of the 
Colony and Ashanti tor slaugJiter.” He refers to the im])oitation 
of zebu bulls for breeding purposes and adds (p. 17) that “ the best 
type of zebu for crossing is the sliort deep chested beast which is 
bred in the noith-west of Frem*h Haute Volta.” Presumably tln‘ 
bull he shows opposite ]). 17 is of good type. Tt resembles somewhat 
the Fast Afri(*an Shorthorned Zebu exce])t for the hoi ns w hich 
suggest BracJiyceros influence. See Fig. 29. 

Beferring to the cross between the Zebu bull and Bracliy(*eros 
cow Stewart gives an excellent photograjih of the calf which is 
hum])ed, a feature contrary to I^ierre’s exjierience. See Fig 80. 

Stewart in discussing resistance to disease vstates that Brachy- 
ceros cattle are more resistant to Nagana, Lungsi(‘kness and Strepui- 
thricosis(^*‘) than the Zebu, wdiile the latter are more resistant to 
Rinderpest. This resistance to Nagana is transmitted to the jirogeny. 

A(*cording to the same authority {Annual Jieport, I984-8b) theie 
are 192,000 cattle in the country. 

(2*) In the Aninud Beport Vet. Dept. Nigeria for 1925 (p. 15), this is 
called Contagious Impetigo. It is not clear whether this is the Contagious 
Impetigo described by Hornby in Vet. Jl., June, 1920, in Central Africa. See 
also a note on Saria by Curson in Vet. Jl. of Nov., 1920. 
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Liberia,^ 

As far back as 190() Johnston described ‘‘ the black and white 
or brown and white dwarf small horned cattle ” as “ the dominant 
breed in the coast regions of Liberia (p. 907). He adds the 
other type of Liberian cattle, generally called the Mandingo ox, 
is an interesting form, which in some respects suggests a dwarf 
variety of the Egyptian longhorned, straight-backed, uniform- 
coloured cattle He believes the Mandingo to be a hybrid be¬ 
tween the Boh taurns{^^) and Bos aegyptUicus ” which view appears 
very probable, the Hamitic characteristics predominating except 
possibly for size. 

Johnston, in a k)otnote (p. 908), states that rock engravings in 
the Sahara indicate the UvSe of cattle as transport animals before 
the camel became abiindant.” Possibly close inspection of the 
engravings would show the type of cattle employed c.//,. whether 
Hamitic, Biachyceros, Shorthorned Zebu or Sanga! See Figs. 27 
and 28. 


Sierra Leone, 

Johnston (1906, p. 907) dcvscribes the Mandingo beast as ‘‘ the 
dominant type ... of Sierra Leone but the Brac'hyceros is also 
present (Stewart Ann, Bpf, 1930-31). 

According to Minute A/76/29 of 28.e5.3() from the Colonial 
Secretary, Sierra Tjeone “ The Acting Director of Agriculture reports 
that cattle in Sierra Leone are all of the sajue'breed—the Mandingo 
ox—Fig. 1, Plate XVllI of Dr. J. J. Simpson’s article on 
Entomological Research in Sierra Leone (Btill, Entom, Res, IV 
1914) shows cattle resembling a Hamitic Longhorn-Brachyceros cross 
as indicated by Johnston. Only*examination of the skull, however, 
will solve the point. The Brachyceros-Shorthorned Zebu and Brachy- 
ceros-Hamitic Longhorn (uosses urgently require study. 

Gambia,"^ 

Although nothing definite is known, it would seem that Bos 
brachyceros is the dominant ty])e of Gambia. In any case the cattle 
population is very small (letter 1184/30/1911 of 16.10.35, P.V.O., 
Gold Coast). 

Portugnese Guin ea, * 

The cattle are essentially of Brachyceros type and according to 
Da Costa (1931) comprise two distinct vsub-types (‘^races’’), mz,i 
the Foulah which has a straight profile of the head, is white in 
colour, and found along the Oco; and the Manjaca, occupying the 
Brames region, with a concave profile and black coat. 

The cattle population in 1932 was 62,000. 

Nigeria, 

The Questionaire was answered by Capt. W. W. Henderson, 
M.R.C.V.S. and the reply sent through the Chief Secretary’s Office, 
Lagos (12636/62 of 11.3.32) to the Secretary for External Affairs. 


(*•) Johnston’s name for Bos brachyceros: 
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In a former paper Curson (J934) endeavoured to classify the 
cattle of this Colony according to the information supplied by 
Brandt (1925); but as suggested on that occasion recent additional 
evidence now makes a revision of the classification necessary. 
Brandt’s article was unaccompanied by illustrations, but apparently 
the position is that “ with the exception of the small percentage of 
humpless cattle('*®) owned by the Pagans the cattle are all of the 
Zebu type ” (Anderson, A.W. 19JW). The type of beast, in most 
cases, resembles the Lyre-horned Zebu of French West Afric.a. See 
Figs. 31-34. 

As far as sub-types are concerned, the following is Brandt’s 
original description: — 

(a) The Fulani, “ a large breed with the i)revailing colour 
white, although some are found with small black flecks. 
The liump is large and the horns are long and curved 
upwards.” See Figs. 31 and 32(®0. 

{h) A smaller edition of (a), 

(c) Another Fulani breed, being * Marge-humped, narrow 
bodied, red . . . with long wide-spreading horns.” See 
Fig. 33. 

(rf) A long-backed humpless breed with medium length 
horns of huge diameter; the prevailing colour is white, 
but all colours are met with; found chiefly in Bornu.’’ 
This is the Sanga(^^). 

(c) The Shuwa of Bornu—a parti-coloured, medium sized, 
very compact breed, with short legs, practically no hump 
and short horns.” 

From recent issues of the Annual Itepart of the Agricultural 
Department, Nigeria, it is learned {Report of 1930) that herds had 
been established of the {a) White Fulani, (6) Shuwa-Bornu and (c) 
Adar-Sokoto-cattle, and later {Report of 1933) the Godali-Sokoto- 
cattle are mentioned. Particulars with regard to conformation and 
utility are, however, not yet available, but Figs. 31-3G show the type. 

It is gratifying that investigational work affecting native 
cattle is being undertaken in Nigeria, an important contribution 
being that of Anderson (1933) who summaries his observations as 
follows: — 


“1. Nigerian pastures are of low feeding value, espe¬ 
cially during the dry season. As judged by chemical stan¬ 
dards the mineral balance does not appear to be abnormal but 
pica is prevalent and is prevented or cured by administration 
of sodium. Increasing the caloric, but not the mineral intake, 
improves rate of weight and hastens sexual maturity. 

(*®) i.e. Brachyceros. 

(®^) It is not stated what type of hump occurs. It appears to be a Lyre- 
horned Zebu. See Ciirson and Bisschop (1936). 

P*) The hump is cervico-thoracic and small. See Fig. 36. 
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2. The standard of the cattle is very low in spite of care¬ 
ful selective breeding on the part of herd owners. Environ¬ 
mental conditions are such that improvement by European 
stock Is impossible. With the maximum improvement in 
nutritional conditions economically possible^ the most advan¬ 
tageous policy appears to be to breed within the existing* herds 
for a combination of high milk yield and high reproductive 
rate/’ 

One is interested in the remark that “ careful selective breed¬ 
ing ” is undertaken by herd owners. Nigeria must be one of the few 
parts of Africa where this is done by natives. 

Anderson’s view supports that of du Toit (1927) who, in dis¬ 
cussing cattle improvement in Nigeria, recommended ‘‘ selection 
from native stock ” in preference to grading up with European stock. 

French Equatorial Africa. 

French Cameroons{^^). 

The only information relating to Equatorial African is that con¬ 
cerning the hVench Mandated Territory of the Cameroun. The reply 
to the Questionaire was arranged through the British Embassy, Paris, 
which forwarded the reply in question to the Minister of External 
Affairs under cover of a letter dated 26th April, 19f‘i2(‘*'‘). 

The reply is instructive not only for the description of cattle 
types but also for information on cattle husbandry. 

Cattle Types, 

The cattle are either non-humped or humped(*'**'). The former 
group comprises Brachyceros, this being almost if not, the extreme 
southern limit of distribution. The cattle are said to be Ib-A -ni in 
height, very well built and very lively. Strangely they live in the 
mountains, but this is due to the fact that their owners were forced 
to retreat from the fertile plains of the Diamare and the Adamaona 
at the time of the Peulh inigralion about 25 years ago. ‘‘ The small 
animal, which is on the way to extinction still exists In small herds 
in the Mandara, in Namchi-Allan-Tikas and in the south. It does 
not constitute a commercial article and the kirdi or, pagans rarely 
concern themselves with it, for they do not drink milk and only eat 
beef ih exceptional circumstances. On the death of a pagan one or 
more oxen are sacrificed and the corpse is rolled up in the hides of 
the slaughtered animals.” 

The latter group is of recent origin and appears to include the 
following types:— ia) Shorthorned Zebu or Arabian humped cattle, 
{b) Lyre-horned Zebu and (c) Sanga. 


(33 ) jjq reply can be traced from British Cameroons, now a part of Nigeria. 

Unfortunately the French version was not available, a translation 
having been made before reaching me. (H. H. C.) 

C^) The reply states that the cattle of the river rtegion, called Kouri after 
the tribe owning them, are non-humped; but the description indicates they 
are of Sanga type, being similar to the Bornu cattle of Nigeria. 
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The Arabian cattle or Choas are described as ‘‘ well assorted, 
well formed ” and intermediate in height between tlie next two sub¬ 
types to be described, viz,: Poulfoulo and Mhororo—1 •30-1*40 m.— 

They fatten easily and are widely used for the transport of women 
and mercdiandise. Their homo is in the distiicis of Fori Foureau and 
Mandara and from Mandara onwards io laigone in TTj)per Balgue 

The Lyre-horned Zebu appears io be represenied by ihe short 
Poulfoulo (1-25-1 *35 m.) and the tall Mbororo (1*3-1 *7 m.) caiile. 
‘‘ The Poulfoulo sub-type is owned by ihe Peiilhs or Poulhos who 
arrived in two dislinci migration waves, one na Jlaguirmi and the 
other via Northern Nigeria. The (aiiile are piolific, and hardy and 
survive everywhere. The skeleton is small and light, but the capacity 
to put on beef is marked, the Aveight of four quarters (minus the 
head) varying between oo-liO ])er cent, in the case of adult oxen. 
The milk yiehl is low, 3-4 litres a day being the average, (lof)d 
milk (‘ows with sufficient feeding Juay giA^e up to (J litres. The milk 
(as is generally the case in humped cattle) is rich in fat, 19 litres 
yielding 1 Kg. of fat ”. 

The Mbororo cattle, usually dark chestnut in colour, are OAvned 
by the Mbororo people Avho are essentially nomads and related to 
the Peulhs, Avho, however, are settling down in small colonies or 
Aullages under a lamido (chief or sheik). The cattle are characterised 
by immense ui)ward curving hoi ns, and a powerful frame. They 
would be suitable for draught |nu*i)oses but for slaughter are inferior 
to the lb)ulf()ulo. 

The Sanga oi* Kouri <*attle are of large size (I *4-1 *5 m.) and 
])ossess horns of extraordinary length and diameter, Avhich neA^er- 
theless are remarkalily light. The coat is generally light in colour 
(ivory) and the cattle found about Lake Chad are AAonderful 
swimmers, traA’elling from island to island under the direction of 
the herd boy. 

Cattle Trade. 

Ait hough attached to his herd, the breeder has from time to time 
to dispose of a certain luniiber of animals in order to ])roAdde for his 
needs. These are either slaughtered in the large centres, especially 
on market days, or driA'eii to the south of the colony wdiore stock- 
breeding is impossible, or lastly, and this is the most frequent, to 
Nigeria, (lenerally old coavs and those Avhich onlv calve very rarely, 
infertile heifers, old reproducers and superfluous bull-calves form the 
subject of these transactions. Feitile coavs are only sold on the 
market in exceptional circumstances and are generally exchanged 
for other stock, mostly horses. The young bulls aie taken to (he 
market at the age of 2, 3 or 4 years. Sometimes the traders go to 
the villages and make their purchases from amongst the flock. If 
intended for Nigeria the animals bought on the various maikets are 
grouped in herds; these by.successive stages reach the big markets 
of Maidougari, Kano, Sorao, and are sometimes driv’en as far as 
Port Harcourt. The cattle trade with Nigeria is by far the most 
important, and consists mostly of animals coming from the weekly 
markets of Marona, Mindiff, Bogo Fudere and Adanuri. 
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The reasons for this trade movement towards Nigeria are as 
follows: — 

A higher rate of exchange. 

Traffic facilities, improved roads, and, generally speaking, 
safety from tsetseflies. 

Facilities exist for exchanging the money obtained for goods 
(easily saleable at a profit on their return) such as fabrics, silks, 
pearls, sugar, salt, etc. These commodities are abundant at 
Maidougari and Kano. 

Animals purchased in the north of the colony for 300 francs 
have fetched prices ranging from £4 to £5 at Yerona. 

Apart from the private Compagnie Pastorale, the cattle trade 
is in the hands of the Hausas. A few Europeans installed at Maiuna 
have for some years been draining large numbers of cattle into 
Nigeria. At present they seem to prefer the trade in oxhides and 
sheepskins. 

The cattle number approximately half a million, and are con¬ 
fined mostly to the northern districts. 

The absence of photographs, while to be regretted, in that confir¬ 
mation of the classification is not possible, is amply compensated by 
the detailed description provided by the French authorities. 

Summary. 

In regard to the present cattle types and their distribution, this 
information, associated with the First and Second Migrations of 
Hamitic Longhorn and Brachyceros cattle respectively, is actually 
summarised pictorially in the photographs and in Map II. To dis¬ 
cuss each country individually it may be stated as follows: — 

Egypt, —(1) The view of the Egyptian authorities in regard to 
origin^ is more or less, in accord with that published independently 
by Curson and Epstein (1934). Certain points advanced by the 
Cairo reply requiring further consideration are:— {a) belief that 
original cattle of Egypt were polled('**) and became extinct about 
2000 B.C. 

(2) The monuments of Egypt furnish valuable evidence concern¬ 
ing the early history of the country, the types having been Hamitic 
Longhorn, Brachyceros, Lateral-Horned Zebu (Afrikander) and a 
polled type having the body conformation of the Hamitic Longhorn. 

(3) The cattle of to-day are more or less uniform being best 
described as belonging to Brachyceros. The cervico-thoracic hump 
accompanying a Brachyceros conformation is remarkable. 


(*®) It is quite likely that a typing error occurred either in Cairo or 
Pretoria, the word ** horned being meant. The compiler of this contribution 
(H. H. C.) did not see the original reply. See p. 21. 
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French North Africa, —(1) The cattle of French North Africa 
are of one dominant type, Brachyceros, and as one proceeds westwards 
to Morocco they are coarser due possibly to the influence of cattle ol 
Hamitic Longhorn tyi)e, which persisted there longer than else¬ 
where. 

(2) Environmental (changes, chiefly reflected in the poor pas¬ 
turage, are responsible for the evolution of several sub-types of 
Brachyceros cattle. 

(3) A few details are given concerning Tunis, a territory not 
included when the original Questionaire was desi)atched. 

West Africa, French West Africa, —(1) Cattle of the Brachy¬ 
ceros, Lyre-horned Zebu and Shorthorned Zebu (but not the Lateral¬ 
horned Zebu) types occur. Whether pure Hamitic Longhorn cattle 
still exist is unknown. 

(2) In addilion there is the Bambara which is said to be a 
hybrid (Zebu x Brachyceros) but from Figs. 24 and 25 it appears to 
resemble in confoimation tlie Sanga. The Djakore loo is apparently 
also a re])resentative of ihe same type. 

Gold Coast. —(1) The dominant type in this territory is 
Brachyceros. 

(2) Stewari noies the resistance ot Brachyceros cattle to Nagana, 
Lungsickness and Streptothricosis and the resistance of the Zebu 
to Hinderpest. 

Liberia, —(1) The dominant type in Liberia is also Brachyceros, 
but it appears ])roliable that descendants of Hamitic Tjonghorn cattle 
still occur. 

Sierra Leone, —(1) According to Johnston the Mandingo (or as 
it appears to be, a Hamitic Jionghorn-Brachyceros cross) is the domi¬ 
nant tyj)e. Brachyceros is also probably represented. 

Gambia, —(1) Apparently Brachyceros is the dominant type. 

Port a(jyCSC Guinea. —(1) The Brachyceros cattle are of two main 
sub-types, Foulah and Manjaca. 

Nigeria, —(1) The types represented are Brachyceros, Short¬ 
horned Zebu, Lyre-horned Zebu and Sanga. 

(2) Bosearch work is being carried out in regard to nutrition and 
animal husbandry. 

French Eqvatorial Africa, French Cameroons Mandated 
Territory, —(1) Not only do Brachyceros cattle occur, but also 
apparently (there being no photographs) vShorthorned Zebu, Lyre¬ 
horned Zebu and Sanga. 

(2) The cf vtle trade is briefly referred to. 

645 



THE STUDY OF AFKlCAN NATIVE CATTLE. 


LITEHATIJRE (‘*0. 

Ai^DEKSON, A. W. (1932). ]*rohlems of Animal yiitrition and Animal 
Ifusbandry in Northern Nigeria. Technical Communication No. 4. 
Imperial Bureau of Animal Nutrition, Uowett Institute, Ahcrdi'cn 

CURSON, H. H., AND BISSC^HOP, J. H. R. (193.5;. Anatomical Study No. 60: 
Some Comments on the Hump of African Cattle. Onderstepoort Jl. Vet. 
Si. Anim. Indvsf. V. (2). 

(UTRSON, H. H. (1930). Studies in Native Animal Husbandry, 14. The 
Native (hittle Types of Africa; with particular reference to S. Africa. 
Jl. South Afr. Vet. Med. A.s*.sn. VIJ (1). 

DU TOIT, P. J. (1927). Report on Livestoek Problems in Nigeria. Unpub¬ 
lished. 

EPSTEIN, H. (in the press). The Origin of Africids Indigenous Domesiie 
Animals. (Muipter TV. The Chittle of Africa. 

FLOWERS, S. S. (1932). The Recent Mammals of Egypt. Pioc. Zool. Soc., 
London, July. 

HENDERSON, W. W. (-). Annval Reports of Veiei in<u ij Deimrtment, 

Nigeria. 

NEFFGEN (J904). l)er Veterinar-Papyrus con Kahun. S. (hilvnry & Co., 
Berlin. 

STEWART, J. L. (-). Annual Repoits of l^eterinarg fyepariment (fold 

('oast. 

SHANTZ, J. L., AND MARBUT, (h F. (1923). The Vegetation and, Sods of 
Africa. American Geographical Society, Research Series, No. 13. 

-Ln production bovine an Maroc, 1923. Grande Semaine Agricole au 

Maroc, Service de I’Fdevage. 

- Sotiee sut ia Tunisie. Direction generale de ragviculture, du commen t', 

en de la colonisation. Government Tunisien, 1914, p. .30. 


(B) The Thikd and ForPTii Mkjrattons. 

Ill (lesciibiiig: the entile of t^^Viitial tiiul vSoulh Africa we iiuisl 
liave ill mind the Third and P'onrth Migrations referred to previously 
and indicated on Mo]) T, While it would seem that the Hott(*ntois 
of the Third Migration travelled together on their southerly journey, 
the Baiilu tribes of the Fourth Migration, on the other hand, 
showed a tendency either to migrate in separate bodies and to settle 
where conditions suited, or it the migration was rn masse to hive off 
and occupy country which appealed to them, irrespective of the 
general southward direction taken by probably the most adventurous 
of the nomads. 

The reason for this view is that the^ cattle of the Hottentots, 
i.c. Lateral-horned Zebus, are to be found nowhere else in Africa 
but in the Union of South Afri<‘a. Of course within recent years the 
Afrikander has been introduced into the northern territories, e.p. 
Northern and Southern Rhodesia, where centuries ago its ancestors 
roamed at will. The Sanga cattle of the Bantu tribes, on the other 
hand, are to be found scattered along the migration route from 
Abyssinia to the Sub-continent, i.e. in the vicinity of the (Jreat 
Lakes, ex{*ept Lake Nyassa, where the Shorthorned Zebu now j)re- 
dominates. For convenience the Sanga cattle of Central Africa are 
shown on Map 1 as Ankole but this term has also a restricted 
meaning. 


(®^) Only new (i.e. not in previous list) references given. 
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It is iippaieiii ibid iJio extension westwards from the East Coast 
by the Shorthoriied Zebu is of comparatively recent date(*^**). It 
seems likely that the Sauga was found thnmghout East Africa 
before the anival of the Shorthorned Zebu, in fact, aec’ording* to 
Epstein, it still occmrs in Madagascar. Orde Browne (1925) in 
describing the Zebus of Kenya between Mt. Kenya and the Tana 
River, refers to cattle of the Sanga t>pe in Kenya as recently as 
1890 in his statement (p. 117), “There was, however, a breed of 
cattle Avhich 1ms now' died out, whbdi ])ossessed far larger horns 
than the existing breed (Zebu), and are said to have been finer 
animals in every way. They are said to have been very numerous 
and to have been killtal oft' in the epidemic of rinderpest, wdiich 
occurred ai)parently about 1890. . , . Tliere are no traces of these 
animals now' left, ex(5e[)t the horns, which arc* occasionally to be 
met with, made iido drinking vessels; tliese nearly always came from 
Emberre 


A n id. * 

According to Volume 1 of the Kucifclopaedui Hntaintica (14th 
Edit., 1929, p. 73) the number of cattle in Abyssinia is estimated 
at Ix'tween 10-15 millions. As it is in that jiart of Africa where the 
Sanga cattle are believed to have originated, it is convenient to 
refer to the cattle of to-day, “ of which the most lemarkable are tln» 
immensel\ horned Sanga or (lalla oxen Most cattle are of Short¬ 
horned Zebu type | letter of 18.10.35 from Col. R. T. Stordy, 
M.R .C.A^.S.(^‘’)) 1 but according to the Enryvlopaedin JJnfaitnica 
“ there are also two breeds—one large, the other resembling the 
Jei'sey cattle—which ar(‘ straight backed ”. While it is evident 
tliat the calile of Jersey tyi>e are Bracdiyc'-eros, it seems likely that 
the large straight-backed cattle are in reality Sanga in which 
ITamitic Longhorn characteristics predominate, and the hump 
(cervico-thoracic) accordingly is not prominent. 

The respective areas of distribution are roughly Brachvceros in 
the north, Shorthorned Zebu in the eastern divstricts and Sanga in 
the west. 


*4 Ttylo-Egyptian Svdan.* 

The Annual lieport of the Vvtcrinarif Department for 1925 
(p. 10) grou])s the native cattle as follows:*— (a) Shorthorned Zebus, 
])robably throughout the eastern part of the territory, (h) Sanga along 
the Tipper Nile to link up with cattle of the same type in TTganda 
and (r) a type along the Abyssinian boundary, apparently of Brachy- 
ceros origin. 


(•‘^**) Tissie {Prorerdings oth Pan-Afrienth Veterinary Conference, 192o, 
p. 116) believes that the zebu of Madagascar was “ primarily imported from 
Africa ’’ by the Arabs who “ colonised the Comoro Islands during the Oth 
century ”, "and then went to Madagascar. 

(®®). Col. Stordy was the first veterinarian of Kenya and once travelled 
through Abyssinia. Recently he accompanied a veterinary section to the latter 
country during the Italian campaign. 
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Uganda, 

Information on the cattle of Uganda was supplied by the Acting 
Director of Veterinary Services (Hart, R. L. L.) and forwarded to 
the Secretary for External Affairs by the Chief Secretary, Entebbe, 
on 12th October, 1932. 

On account of its preciseness it is subjoined hereunder. 

The cattle of the Uganda Protectorate are descended from 
two widely divergent types, the straight backed, long horned 
Nsagala or Ankole cattle of the Western Province and the humped 
Zebu cattle of the Eastern and Northern Provinces. Cross bred 
stocks intermediate between the two parent strains exist in these 
provinces and in BUganda. 

2. The Ankole cattle are supposed to have been brought origi¬ 
nally from the North, the Zebu from the East. It is impossible to 
give an approximate date as to when such introduction occurred, 
vide paragraph 7. 


3. Ankole cattle are straight backed with a most rudimentary 
hump, the Zebu humped; crosses vary in accordance with ihe degree 
to whic.h the respective strains predominate. 

4. 


Ankole and Allied Breeds of Cattle also Crosses 

PREDOMINANTI.Y AnKOLE. 


Zeiiu and Predominantly 
Zebu Strains. 


Typical Colonrs. 

Lvhima Name, 

Typlf'al Colours. 

(1) Deep red. 

Bibogo. 

(1) CSrcys. 

(2) Red. 

Gaju. 

(2) Whites. 

(3) Red and white. 

Magabo. 

(3) Yellows. 

(4) Light red. 

Sina.» 

(4) Light reds. 

(5) YeUow. 

Kisa. 

(5) White ^ith black spots. 

(6) Strawberry roan. 

Luhusimu. 

(7) Red (white spots 

Mayenje. 


numerous). 


JjCss Common Colours, 

(8) White markings few. 

Kiremba. 

(6) Black. 

(9) Red (white blaze on 

Kyasa. 

(7) Deep red and red. 

face). 


(8) Mixed colours, but dark 
ground or markings 

liCss Common Colours, 


‘ predominating. 


(10) Black. 

(11) White. 

(12) White (red spots). 

(13) Brindle. 

(14) White blaze on throat'. 

(15) Black (red spots on back). 

(16) Grey and black. 

(17) Red and black. 

(18) Grey. 

(19) Black and white 

(definite recognised 
colour schemes, but 
difficult to describe.) 

(20) Bark body, white head. 


Kyozi. 

Kitale. 

Bugondo. 

Ngobe. 

Kiroko (Toro). 

Kikara (W. Masaka). 
Nsama (Toro). 
Njumba (Toro). 

Mpula; Mbubi. 
Mutambiilire. 

Mpuga. 


Ihinda. 


5. Polled cattle occur in both strains and their crosses. Zebu 
and cross breds are short or medium horned. The Ankole breed and 
the crosses that are predominantly Ankole are long homed. 
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6. Judged by European standards no native cattle in this Pro¬ 
tectorate are at present good as milk or beet' producers, but some 
strains are capable of distinct improvement by selection. 

7. ISo reliable tradition or record exists as to the past history of 
the stock or stoc.k owners of the Protectorate. 

8. See reply to paragraph 7. So far as is known no breed or 
strain ever domiciled in the Protectorate has become extinct. 

9. A series of jihotographs in triplicate illustrating various types 
of Protectorate stock is attached. These photographs were taken on 
the Koja Ex])erimental Stock Farm where small herds of tlie various 
distincjt sub-breeds or tyi)es are collec‘ted. 

10. Normally bulls reach their maximum growth at five years, 
cows calve dowm at three years to three years three months as a rough 
average, though some calve before reaching thret? years. The Zebu 
type is generally hardier and has greater ])owers of resistance to 
disease and such adverse conditions as poor grazing or fly infestation. 
In one distri(;t, Karajuoja, Eastern ProA’incey the cattle (Zebu type) 
have considerable jiowers of drought resistam^e and ability to cover 
long distances to water. 

11. White cattle of the type mentioned in the Questionaire have 
not been noted. 

12. The Ankole cattle as being the largevst animals in the Pro¬ 
tectorate are ])robably considered tbe most valuable, but the question 
of value depends entirely on local demand and the suitability of 
introdu(‘ed stock to live under the conditions where such a demand 
exists. 

Id. The best Ankole pavstures are princii)ally low ridges of 
Acacia Savannah country. Theme4l(i triandra^ the finer Hyparr- 
henias, and Andropogons, with Brachiarias in shade aie the typical 
grasses. Bainfall occurs in two Avell defined seasons annually. 
The average altitude is approximately 4,000 feet. 

The Eastern Province pastures, oc(‘upied by Zebu stock in 
greatest (concentration, are low lying Combretum Savannahs, taller 
Hypdrrhenm spp. and Pantcvm maa-im/iim being the typical grasses. 
The average altitude is approximately f3,500 feet. 

14. As already stated the Zebu and the predominantly Zebu 
strains of stock in the Protectorate are, conditions being equal, more 
resistant to the majority of stock diseases than the Ankole and the 
crosses in which it is dominant. East Coast fever, Bedwater and 
Anaplasmosis are enzootic in approximately all parts of the Protec¬ 
torate except Karamoja district (Eastern Province). 

No breed has any marked power of resistance where epizootic 
trypanosomiasis of the T, congolense type is concerned. 
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15. The Zebu breeds in (he Protectorate vary greatly in size, Ihe 
Karamoja breed being* large and the AVest Nile, Teso, and Sesse 
Island stock being small. 

Of the vaiious cattle-owning* c.oinnuuiities in the Protectorate 
only the llahiina of the Western Provinc e and Karamojans can be 
said to display much intelligencte or interest in the management of 
their stock 

Two interesting maps appear in the Annval Report of the 
Vetermarjj Department for 1984. The one shows the cattle ])opula- 
tion in eai'-h distiicl along with information on the racial type of 
native owner (c.r/. whether Nilotic, Ilamitic, or Bantu), and human 
populations. in December, 1982, there were 2,151.(>(58 head of 
cattle in the territory. The other map gives the distribution of the 
four species of Glossina in Uganda. 


Kenya, 

Thanks to information supplied to one of tlie authors (K.VV.T.) 
by the former Director of Agriculture (Holm, A.— Pile Dairy/3/—), 
our knowledge of Native Cattle Husbandry in Kenya is considerable. 
Mr. Holm also kindly supplied 8 photographs, some of which (Figs. 
41, 42, 44 and 45) aie repioduced here. 

Cattle. 

As indicated in Map 11, the cattle are of the Shorthorned Zebu 
type and according to Mr. Holm (letter of 27.8.82) “ similar in 
a}»])earauce to the Thar Parkar and Scindi breeds of cattle in India. 
Although small differeniiations appear in different districts, the 
van5)us types (sub-types) are definitely Zebu 

As is generalh the case, the various sul)-types aie named after 
the tribes owning them, thus we have: —{a) Boran in the Northern 
Frontier Province, (6) Kavirondo in the South-West of Kenya, (c) 
Nandi also in the South-AVest, (d) Akamba in South-East Kenya and 
{e) Masai in South Kenya. 

A(*cording to a report of the A'eterinary Department dated 
February, 1932, and entitled Comparison of Type}s of Native Cattle 
at Animal Hushandry Centres, we learn that six centres have been 
established under the Veterinary Department with a view to 
developing the potential resources of the indigenous cows of the 
various pastoral tribes for . . . milk production Measurements 
were taken of tw^enty-five cows of certain sub-ty]>es and the average 
is recorded hereunder. 
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Holm (letter Dairy/3/— of 27.8.32) states that colour markings 
of the various types are extremely mixed and include reds, greys, 
blacks, black an(l whites, red and whites, etc. The Boran sub-type 
is generally putty-grey with a fair proportion of blacks and reds 
and greys. He adds that good grazing produces a tendency to go 
to beef rather than towards extra milk production and further 

that “ native cattle reach sexual maturity very quickly, although 
they do not reach maturity as far as growth is concerned until five 
or six years of age 

The work referred to above was commenced in 1927, particular 
attention at Ngong being paid to imprevss upon the native mind 
the extent to which the excessive mortality in livestock could be 
diminished by the adoption of certain veterinary measures and to 
demonstrate ” the value of controlling breeding and rearing young 
stock systematically. 

Tn 192(S at the suggestion of Dr. Orr of the Rowett Institute 
it was decided to educate the native stockowners in animal husbandry 
especially from the dairy aspect. The position as at February, 1932, 
was described in a Repi)rt on Improvement on Native Cattle in Kenija 
Colony, also kindly furnished by Mr. Alex Holm. Recently, how¬ 
ever, Mr. John Anderson (1935) who was taken over from Dr. Orr’s 
staff, has published a valuable pai)er on Improvement of Native 
Cattle hy Selective Breeding and Herd Management, in which he 
records increased milk yield, by the use of only natural grazing. 
His summary is as follows:—“ The preliminary results here retjorded 
demonstrate that the unselected native cattle(^*) bought at random 
in the reserves, show great promise as producers of milk and dairy 
products if kept under controlled and regular conditions of manage¬ 
ment. Under such conditions the piilk yield is more than double 
than that of a native cow under native methods of husbandry. 
Furthermore, the managed animals become ])rodu(*tive at a much 
earlier age. Though specific age data are not fully available, obsei- 
vation clearly reveals that animals bred from native foundation stock 
and kept under good management have a much faster rate of grow^th 
and attain a much greater body Aveight. Selected bull calves have 
been reared which at Ifi and 20 months of age weighed 627 and 
75G lb. 

Although the amount of milk })roduced is small compared with 
that produced by imported grade stock, this is (iompensated for by 
its very high butter-fat content. Whereas heavy milking breeds 
usually average a little over 3 per cent, butter-fat, milk from the 
native cow gives an average of 5*7 per cent. The average yield of 
butter-fat per cow over all dairy farms in Kenya for 1932 is given 
as 32 lb. At the Ngong station the average yield for the year 1933-34 
was 42 lb. per cow 

This is surely proof that native cows if submitted to an improved 
environment will be an asset to the country, whereas if allowed to 
range without restraint they can only hasten the deterioration of 


(^®) Anderson^s work, however, proves that if controlled the cows in an 
improved environment double their milk yield. 

Boran and Masai. In the Beport of 1932 figures relate to Boran and 
Ma^akos (Akamba) heifers. 
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grazing as seen in overstocking and soil erosion. According to Deck 
(1936) soil erosion and increasing aridity are urgent problems in the 
Territory, particularly in the Ukamba country where the grazing 
capacity has already been exceeded to the extent of six times the 
normal. 

Miujh is being done to educate the natives in animal husbandry, 
the local natives being guided by officials of the Department of 
Agriculture. Eost Coast Fever, being enzootic in the native reserves, 
has compelled the authorities to adopt the policy of selection among 
the native cattle rather than to resort to grading up as in South 
Africa. 

Ghee or clarified butter is the chief native economic dairy pro¬ 
duct, the output in 1932 from native dairies being estimated at 
about £25,000. Anderson (1935) estimates that the ratio of milk to 
ghee is 2*07 gallons to 1 lb. ghee. 

As a result of overstocking in the native areas a factory is 
shortly to be erected to dispose of surplus native cattle in any way 
that will ])rove ettonomic, e.g, canning, drying of meat, and the 
manufacture of foods and fertilisers. 

Belgian Congo. 

Thanks not only to the publi(‘ations of Carlier (1912) and Le 
Wae (1933); but also to replies furnished by His Excellency the 
Governor-General of the Belgian Congo thiough His Majesty’s 
f]onsul at Leopoldville (his letter of 19.5.32), interesting informa¬ 
tion is available regarding native cattle, esi)ecially along the eastern 
frontier of the Belgian Congo(^-). 

Classification of cattle types in the Congo has been based largely 
on the absence or presence of horns and in the latter case, whether 
they are long or short. While the horn length is an important 
feature, it seems i)referable also to (*onsider the general conforma¬ 
tion, especially the shape of the skull and the position and structure 
of the hump. As an example we may mention the cattle of Kivu, 
which vary not only to the extent of i)ossessing polled as well as 
horned representatives, but also among the latter in having members 
wuth short, medium and long horns. Yet if we group these animals 
according to conformation they are seen to belong to the Sanga 
type(^'*), there being a uniformity in all respects except the horns. 

While Epstein believes that the dominant type, the Sanga, arose 
from the intermixture between the Hamitic Longhorn and the 
Lateral-horned Zebu (Afrikander) in Korth-East Africa (probably 
Abyssinia), Le Plae states that this type semble provenir de croise- 
ments repetes entre des zebus asiatique et des l>etes boviiies 
africaines He adds, as we know, that for many centuries there 
has been intercourse between the people of India and those of East 


(< 2 ) are indebted to Dr. L, Tobback who along with his letter of 
26.1.35 sent a useful summary of the position as well as photographs. 
Introduction. 

(^s) Called Zebu africain {Bos africanus) by Le Plae (p. 89). 
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Africa. It is, however, uol clear what were the original “ betes 
boviiies For suppose they lacked a hump (as did the llamitic 
Longhorn), would they, when crossed with the ihoracic-hum])ed Zebu 
of Asia, i)r()duce the (iervico-thoracic hump of Sanga cattle!^ Unfor¬ 
tunately even with the facilities available throughout Africa, but 
little is known concerning the behaviour of the hump in genetics. 
It is nevertheless (*ertain that the Shortliorned Zebu of Fast Africa 
only differs from its Asiatic relation by containing some amount of 
African blood, and that owing to its hardy constitution it has re¬ 
placed the Sanga almost throughout Uganda, Kenya and Tangan¬ 
yika. hividently a foothold has also been established in the Belgian 
Congo, tor according to Fig. 40 in Le Plae’s work and a descri])- 
tion juovided by Ihe same and other authorities, the Lugwaret 
cattle, north-w’est of Lake Albert, are of the Shorthoriied Zebu type. 

Other indigenous cattle of Glossina-ridden Congo belong to the 
Sanga group, those along the mountainous eastern frontier being 
the most important. 

While in Map II the Sanga cattle of (Central Africa are referred 
to as Ankole, this tejin strictly refers to the Ankole district of 
TTgan da. 

Present Snh-types . 

Commencing at tlie northern aspect of the Eastern frontier, and 
adjacent to the Anglo-Egyptian Sudan, we have the following sub- 
types : — 

1. Wadai-Dinka .—Although ea(*h of these sub-types is referred 
to by Le Plae as a race ”, it seems desirable to consider them 
together, for they both occur in the extreme north-eastern corner 
of the territory, and have several points of resemblance, f,g. size, 
coloration, shape of horns and general appearance. Figs 4G and 47 
of Dinka bulls indicate the general type. The influence of the 
Shortliorned Zebu is seen in the wrell developed dewlap, but the hump 
in each case is cervico-thoracic in situation. These cattle are of the 
same type as found in the adjoining districts of the Sudan. 

2. Lvgwaret or Bahv Cattle ,—As mentioned above, north-west 
of Lake Albert are cattle of the Shorthorned Zebu type and these 
form an intrusion, in fact, break Ihe continuity of ihe Sanga line 
from Abyssinia to the northern end of Lake Tanganyika^*). The 
cattle are small and thick-set (0*95 m. to 1*25 m.) of good conforma¬ 
tion, and variouvsly coloured, the most usual pattern being small, 
black, red or yellow^ patches on a white ground, very frequently 
crow^ded on the flanks. The general appearance is strongly zebu 
(i,e, Shorthorned type) and in males the hump is sometimes very 
well developed. See Fig. 48 (from Le Plae, p. 98). 

3. South of the country occupied by the Liigwaret tribe the 
cattle are of Sanga type (and known generally as Ankole, Watussi, 
or Bahema cattle) as far as the north-eastern corner of Lake Tan¬ 
ganyika. According to the reply from the authorities in the Belgian 
Congo the cattle in the Ituri region are very much mixed as one 

Here, due to Glossina, occurs another gap until the Bailn cattle 
(Sanga) of North-East Bhodesia are encountered. 
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would exi)eot, on Ihe soutli there leiiig Sanga cattle and to the north 
Shortli'orned Zebu. Cliief Blukwa, however, living to the west ol' 
J/ake Albert, Jias apparently been so successful in selection that he 
has built u]) “ une race speciale He has sele(;led bulls with short 
horns and cervico-tliorat'ic hiin)j)s (in jueference to the usual long- 
horned bull or the Shorthorned Zebu bull), and as will be seen from 
Kig. 40 (from Fig. 2i )—Le Plae) the cows are of tlie same confor¬ 
mation. 

As one jnoceeds sontli along- the fiontier, cattle with exceedingly 
long horns aie to be found in the vicinity of Lake Kivu, but they 
reach their maximum in the lierds of Ihianda Urundi (formerly part 
of (lerman J^Iast Africa). Fig. 55 (from Fig. 1, Le Plae) shows two 
animals of the sacred herd belonging to the King of Iluanda. So 
striking aie these (‘attle that they have even been featuied on the 
red (it) c. postage stam])s of the Belgian (Vmgo. Fig. 54, which 
is a i)hotograpli of the stain]) in question, indicates the bull on the 
right as showing the humj) when grazing. 

It would aiipear that the artist has incorrectly lepresented the 
position, for it is only the thoracic hump which retains its doiMil 
j)osition during grazing. 

Owing to trypanosomiasis cattle aie impoited into the Congo 
from Angola, Ngamilarid, and Southern Bhodesia. 

The ap])roxinmte cattle pojnilation is 1,300,000, of which a 
million occur along the eastern frontier. 

Tanf/anyikn. 

I''!)** information available from Tanganyika was supjilied by 
Mr. T1. K. Hornby, Director of Veterinary Science and Animal 
ITusbandry in res])onse to the Questionaire. Tii addition, also to a 
ie(|uest from one of us (It. W. T.) through the Supi^rintendent of 
Fducation, Tangan.vika (ilumford 1). B.), for sjiec-ial information 
on the distribution of white native cattle (see ])aiagra])h 11 of 
(iuestionaiie), a minute from (V)l. F. J. McCall, former Director of 
Veterinary Science in Tanganyika, is instructive('*''). Both of these 
are re])roduced in ioio, the former being dated 5th March, 1932, 
and forwarded by the Chief Se(*retary, Tanganyika to the Secretary 
foi* External Affairs, Pretoria. The latter was dated 12th December, 
1930, and forwarded to Pretoria (to B. W. T.) by Mr. Mumford('“’'L 

The cattle population in 1930 was 5,170,102 compared with 
1,700,352 about 1913 {Annual livjwri for 1930). 

lieply to the Questionaire. 

1. If possible, give the origin of recognised types of breeds of cattle. 

There are tw^o distinct breeds. 

('^•'^) Mr. Mnmford, in forwarding Tl. W. T.’s request to Col. McCall, 
mentioned that the distribution of white cattle was important in view of 
the light it may throw on movements of tribes ”. (Letter Nov. 28tb, 1930.) 

(^®) Interesting observations on Animal Husbandry appear in the Medizwal 
lierichie unter die Deutschen Schidgehtede of the pre-Great War period. 
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One is large-horned and small humped and will be referred to 
as the Ankole breed; the other is short-horned and large-humped 
and will be referred to as the African Zebu. 

The origin of both types is unknown. There are reasons for 
thinking that the Ankole cattle were introduced only three or four 
hundred years ago by people known as Bahimas who came from 
Abyssinia (Le Plae), w’hile the Zebus are undoubtedly closely related 
to the Indian breeds and probably originated in Asia. 

2. Are the breeds or tyi)es mentioned under (1) believed to be indigenous 
or where they imported? If the latter, when and from where? 

See reply to (1). 

3. State whether the breeds or types mentioned are humped or straight- 
backed. 

The Ankole breed has a small hump approximating to that of 
the Afrikander. The Zebu has a much larger hump; at its maximum 
development this is 1 foot high with a tendency to sag. 

4. Give a full description of the colour marking of each breed or type 
mentioned. 

The Ankole breed is without distinctive coloration, so that 
specimens of every ordinary colour common among cattle may be 
found. Nevertheless whole coloured reds, browns and yellow’s defi¬ 
nitely predominate. There is no predominant colour of the Zebu, 
and beasts of every colour may be seen; nevertheless local races may 
have a distinctive coloration, so that Iringa cattle are mostly red; 
Singida cattle, w’hite; Mkalama cattle, dun; and so on. 

6. State whether polled, horned, ^r a mixture of both, with a description 
of horns. 

Polled animals form a very small minority of the Ankole cattle 
and are not liked. The horns are in every way an important feature 
of this breed, and individual animals are known by the shape of 
the horns. 

It is possible to divide the Ankole breed into local races which 
vary in size of horn: one, the Ishesha, has horns resembling and no 
larger than the Afrikander's; but other races have enormous horns 
which, typically, grow outwards, upwards and backwards. 

Polled Zebu cattle are rare; the great majority of this breed 
carry short-horns which grow outwards and upw^ards, though other 
shapes such as outwards and downwards are often seen. 

6. State whether the animals are of good beef type or milking type; or 
neither, or both. 

Judged by European standards neither breed is of a good beef 
type, though a fat Zebu ox yields a very fair carcase. Neither breed 
IS of good milking type, and in this respect, also, the Ankole is 
worse under the usual conditions of seasonal starvation. In good 
nutritional environment the Ankole is the bigger beast and the better 
milker. 
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7. State which of any breed described is supposed to be the original breed 
and whether such breed or type was founded on other types Jiow extinct; 
and, if the latter, please supply a description, if possible, of such original 
extinct breeds or types as can be secured from paintings, rock drawings, and 
sculpture, etc. 

As stated in iny reply to question (1), the Aiikole breed is believiMl 
to be of eoiuparatively recent introduction and so may be called 
original. The Zebu is almost certainly an offshoot of an Asiatic 
breed, hut whether by intermixture with a tyjie, now extinct, is 
unknown; there appears to be no archaeological evidence on the 
point. 

8. State which breed or type was first domesticated, the approximate date 
of domestication, and whether still in use. 

See re])lies to (7) and (1). 

9. Please supply photographs in fnplieate ol tyjiical specimens of both 
males and females of each breed or type dealt with. 

It is regretted that only one photograph illustrating the Aukole 
breed—an outstanding bull and a good polled cow—can be supplied. 
On Ihe other hand, a number of photographs of Zebu cattle are 
appended. These pliotograi)hs are <*ut from the ]92() and 1920 
Auniuil Reports of the Veterinnrif Drpartnicvt of this Territory, 
where they illustrate articles hy the former Director, Mr. F. T. 
McCall, C.B.E., M.C., wdio w’as much interested in the subject which 
forms the basis of this questionaire. 

10. Do iui\ of tin* breeds or types described iiossess an> sptH*ial features 
such as slow maturity (say five to se\en years) or display extreme hardihood 
against adverse <‘limatie conditions (such as great heat, drought), disease 
resistance, ability to rang<' over gr<*at distances, etc.? 

A characteristic feature of the Ankole breed is its slow’ maturity 
under the poor conditions in which it usually lives. Under better 
conditions this feature is much less marked. The home of these 
animals is w^ell-watered mountain grassland, and handicapped as 
they are by great horns they are not suited to withstand hardships. 
They siiccunil) readily to Itindeiqiest, and although local races have 
acquired immunity to tick-home diseases such as Fast Coast Fever, 
this breed should not be considered as disease-resistant, hut rather 
the reverse. 

Zebu cattle are on the whole hardier. Local races have been 
evolved w’liich are highly resistant to many serious diseases and, in 
addition, maintain their condition when food is scarce and innutri¬ 
tions and wdien they have ac(‘ess to water only every other day. 

11. Special mention must please be made and the fullest possible particulars 
given of any w^hite cattle w ith dark points w’hi(‘h exist in any of the countries 
mentioned. By dark points is meant blaek ears, muzzles, eyerings, or eye 
lashes, blaek teats, black hoofs, or spotted or black markings below’ the knee 
and hock; also wdiether any animals answering this description have black 
skins covered w ith wdiite hair and whetJier black spots show’ through the w'hite 
hair causing a silvering or spotted appearance, particularly as the animal 
advances in years. 

There are few' or no Ankole cattle of this colour, Imt zebus 
having wdiite body hairs in spite of a black skin and points are 
common, particularly in the Singida district of the Central Pro¬ 
vince, There is nothing radically distinctive about this tyjie of 
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colouring', and in the same herds as animals having* it, may be found 
some with white skin as well as hair (though this is a bad colour, 
tending to sunburn), and others the visible skin of whicli is partly 
black and partly white. Silvering, as seen in the Indian Krishna 
Valley breed, is rare. 

12. Which breed or type described is considered to be the jiiost valuable, 
and why? 

The owners of each breed prefer their own, though one can 
imagine the owner of a Zebu exchanging it tor an Aukole, but not 
the reverse. From the European point of view the Zebu is definitely 
the more useful animal; hardier, maturing earlier, milking better, 
working better and furnisliing a better carcase. Eut it is no use 
saying this to a native owner of Ankole cattle: he judges altogether 
ditferently. 

l.‘h Please give the territorial distribution ot any type or types described 
in such a manner as to permit of tracing the areas mentioned on a map. 
Please also give a description ot the areas such as elevation and wliether open 
highland, grass, hush, or forest country; or whether low-lying, hot and sandy, 
marshy hush or forest country with heavy or low rainfall in each case. 

There is a great fly-belt running south from Pasha Gulf of Ijake 
Victoria. The fly-free country to the west of this belt is a stiip oi 
moimtain grassland along the borders of tlie Belgian countries of 
Biianda and Urundi. This is the home of our Ankole cattle, and il 
is contiguous with the habitats of the same breed in the Belgian 
territory and in TTganda. A few herds of cattle of the same breed 
are found on the eastern side of the Pasha Gulf-Tabora belt, but 
here they are in contact with and tend to be swam])ed by the more 
virile Zelni. , 

Wbeieas the Ankole ox is essentially an animal of mountain 
giassland, the Zebu can adapt itself to almost every kind of vegeta¬ 
tion commniiity, and the limiting factors of its distribution in ibis 
Territory are neither climatic nor geopliysical, but vsimply tsetse-fly 
belts. 

14. Whether partially. resistant to or immune from, any disease such as 
Nagana or other widely distributed and kiunvn trouble. 

Neither breed has any naturally high resistance to disease, but 
by selection local races of both breeds have been evolved to overcome 
most diseases except nagana. Thus all the adult cattle of certain 
areas are immune to East Coast Fever, but this does not prevent a 
ninety to one hundred per cent, mortality occurring among other 
cattle of the same breed moved from a clean to one of these enzootic 
areas. Odd cattle premunised against a single strain of trypanosome 
are found near every fly-belt, but herds of cattle immune to all 
strains of nagana are so rare as to be of negligible importance; the 
individual animals of these herds are generally stunted by the 
numerous attacks from which they have suffered and recovered. See, 
also, reply to question (10), 

15. Any other information. 

This will be gladly given if asked for and obtainable. 
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“ The Siiperiiiteiuleut of Education, 

MulaUgali, 

Iringa. 

Rcfetcncc yoitr letter of 2Stli ultinto,—Native herds 
of irliile cattle in East Africa. 

The descrij)tion you give tallies with 95 per cent, ot tlie Borau 
cattle encountered aloug the norihern border ol Xeiiya. The cattle 
of Somaliland to a lesser extent tall into the same category. In 
Tanganyika the cattle of Sekenke, ilkalania and many parts ot 
Singida are in a very high percentage ot cases white animals, with 
(talk skins, relatixely small boms, have l)lack tips to their tails and 
eais and very often sho^v black on the exiremities of their limbs. 
Our best herd of nativ(' cattle on the (xovernment Stock Farm, l)ar 
es Salaam, namely the white herd, is entirely made up ot this type 
of animal. 1 have observed that such animals appear to mate most 
successfully with the Krishna Valley Indian Zebu. Se\eral of this 
latter breed have been imported by the (lovernment, the cows are 
usually white but the bulls although as a rule born wdiite with age 
change through silver giey to dark grey. In the case of the Boran 
cattle (juoted above and also in those of vSomaliland, a silver grey 
coloration amongst oxen is not uncommon, but the characteristic 
is not so well marked as in tin* Indian Krishna Valley Zebu cattle. 
White is a very cojumon colour amongst tin* cattle oi the AVanyaturii 
of Singida and Mkalama, but further south in Dodoma amongst the 
Wagogo hei'ds black and whites and brown and whites j)ri*doniinate, 
whilst in Jringa and the Southern JMovinces ot Tanganyika, red is 
the commonest colour encountered. 

2. On the wh()l(‘ (‘X])eiience has taught me to expect that in the 
dry arid sandy countrit's of low’ altitude, always piovided migra¬ 
tions, wars, disease and otlier factors have not be(»n unduly o])erative 
there, we can expect to find white cattle with dark skins and white 
shee]) with bbudv heads. It would appear that cattle wdth wdiite 
coats and daik skins seem able to h(*ar the great heat of these low 
arid count lies better than do other colours. These natural pheno¬ 
mena hav(» been completely obliterated over a great part of the high¬ 
lands of East Africa probably due to the raids and imuirsions of the 
Ma sai. To-day, according to the Masai, ‘‘ a good beast (an never 
be a bad colour ”, with the result that in their herds and in those of 
tribes such as the Nandi, Algayo, Kikuyu, Warusha, Wachagga, 
Wakamba and to a lesser extent the Kavirondo, the stock are of most 
nondescript type. 

‘1. In connection with the cattle of Boran I ought also to have 
mentioned the cattle of Suk, Tukanna and Karamoja regions. These 
occupy the hot low country betw’een Mt. Elgon and the Sudan to the 
North and to the East as far as Lake Thidolph. Tn this section of 
the country, whites predominate, but the male stock show' signs of 
darkness and greyness on the back: the horns, how’ever, in these parts 
are very characteristic, being relatively large (nothing like the size 
and length of the Belgian Buanda (uittle) w'ith a peculiar uplift 
which gives the head a hartebeest appearance. Po^^sibly these notes 
may be of interest, but if Mr. Thornton, Director of Native Agricul¬ 
ture for the Union, wdshes further information and cares to write in 
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me on the matter, I shall be only too pleased to help, for the whole 
subject interests me greatly. A certain amount of information 
bearing on native cattle is (jontained in the various Annual lieports 
issued by this Department 

Parish (1917) in discussing the extreme variation of coat colour 
states: ‘‘ one other commentary which must be made in connection 
with colour is that true colours of practically every breed can be 
seen, Shorthorn leds and whites, Priesland black and whites, Here- 
fords and South Devons, interesting food for thought for those who 
consider purity of colour is necessarily associated with ancient 
lineage 

The two groii])s of indigenous cattle referred to by Hornby are 
shown in Figs, ofi, oT, 58 and 59, while their distribution is 
indicated in Map II. 

It was in Tanganyika that systematic work was first cairied out 
on native cattle. Soon after the close of the Great War, McCall 
assembled herds of cattle at Pugu, Dar-es-Salaam and described them 
with photographs in his Annval Report a, especially that for 192(). 
Unfortunately during the financial depression of 1931-33, these herds 
were broken up and valuable data lost, but the work has since been 
reorganised on a smaller scale. Cross-breeding experiments betweeii 
Short horned Zebu and Ankole and between Shorthorned Zebu and 
Kuropean breeds are being conducted and among other things it is 
hoped that the jiroblem of the hump will be (deared up. Particular 
attention has been ])aid to nutrition so that the effects of cross¬ 
breeding shall not be affected adversely by a plane of nutrition below 
the full requirements of the animals. Overstocking with its 
attendant problems is also receiving consideration (Hornby 1936). 

French (1936) has recently published a useful paper on the 
weights of the various parts of the l>ody of Shorthorned Zebus. 

It is significant that after many years experience in Central 
and East Africa, Hornby (1931) decided definitely that the occa¬ 
sions when a good purpose is served by issuing grade bulls, derived 
from crossing indigenous and European breeds, to natives are so few 
that as a policy such issues are not justified 

Angola* 

As indicated in Map II, the cattle of Angola are, according 
to Dr. Emilio Martins (conversation 6th September, 1934), of two 
chief sub-types belonging to the Sanga group. These are the 
Ovambo and Bechuana cattle (see Figs. 64-66 and 67-70). 

According to Da Costa (1983) there were 1,500,000 head of 
cattle in the cxmntry. 


Northern Rhodesia, 

Information on native cattle types was compiled by the Director 
of Animal Health whose memorandum was despatched by the Chief 
Secretary, Livingstone, under cover of his letter VeL/A/28 of 
18.2.32 to the Secretary for External Affairs, Pretoria. No photo¬ 
graphs were available, but a map indicating the Glossina areas and 
the approximate distribution of cattle.was enclosed. 
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As already described (Cursoii 1936), the indigenous cattle in¬ 
clude the Bechuaua sub-type in Barotseland, and the Baila or Mashu- 
kuluinbwe sub-type between the Zambesi and Kafue rivers. A third 
group, entirely dissimilar to the two previous, the Short horned Zebu 
or Angoni type occurs “ in the Tanganyika plateau and in the Fort 
Jameson district The Bechuana and Baila('‘^) cattle belong to 
the Sanga type and possess cervico-thoracic muscular humps (some¬ 
times ill-detined) and large lyre-shaped horns, particularly the 
former. See Figs. 60-62. 

The reply (para. 4) to the (iuestionaire indicates that the colour 
of (‘«attle varies greatly as is generally the case among native stock; 
but it is added that “ Chief Lewanika of the Barotse peojjle main¬ 
tained a herd of ])ure white cattle with black points. These were all 
slaughtered when Lewanika died in the year 1916 

From a tabulated statement concerning some oxen slaughtered 
at the Central Kesearch vStation, Mazalmka and prepared for the 
Agricultural Econornic Commission of 1931, we learn that two grass 
fed Baila oxen weighed <S72 and 781 lb. The dressed weight w^as 
437 and 440 lb. respectively. At the same time grades w’ere 
slaughtered and it was hoped . . . that the figures would show 
that it was more ])rofitable to produce an imi)rove(l animal Too 
few animals were slaughtered to come to any definite conclusion, 
but MacDonald, the observer, comments (his letter of 30.6.31 to 
I(. W. T.) that the animal dressing to the best advantage was . . . 
the younger Baila (live weight 781 lb.) ’’ The reply to the Ques- 
tionaire (para. 6) states that the cattle mentioned above are of the 
beef type 

Further details from the reply to the Questionaire are as 
follows: — 

The various types are slow in maturing. They are extremely 
hardy and can stand great heat, but cannot remain long without 
water. All possess a . . . high immunity to tick-borne diseases. 
The Batonga people who possess Baila cattle do not herd their 
animals from about the Ist September until the middle of November. 
During this time they are allowed free range over great 
distances. . . . Tlie Barotse breed is undoubtedly the most valuable 
for sale purposes owing to the large size, but unfortunately Pleuro¬ 
pneumonia exists in that Province and the numbers are dwindling 
year by year. Angoni cattle are not much good for transport pur¬ 
poses, but the Baila breed make exceedingly good trek oxen ’M 

All the breeds . . . have a high immunity against tick-borne 
diseases and it is possible the Baila breed is also partly resistant to 
trypanosomiasis. In the low-lying districts throughout the territory 
fluke and w’orm infestation is prevalent, but no great mortality can 
be directly attributed to either of these causes 

412,808 head of the 522,693 cattle are native owned. 


The view is expressed in the reply that the Baila sub-type would 
appear to he a cross of both i,e. the Bechuana and Angoni cattle. 
Purchase, H. R. (in a conversation on 15.2.35) mentioned that the Barotse 
cattle are clearly divisible into two groups, the West or Plains cattle with 
gigantic horns and the East or Forest cattle with small horns. 
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Nyasalatul, * 

Althoiig'li a Questioiiaiie was not sent to tLe Nyasaiaiid Admini¬ 
stration, it is convenient to include this country in our survey ol 
indigenous cattle. 

As will he seen in Map li the cattle ot Nyasaland are essentially 
of the ShoiUiorned Zebu tyj)e whidi has gradually spread from the 
littoral, and, owing* to its hardiness, has displaced the Sanga(^‘‘). 
In fact Shoithorned Zebus are now to be found in North-East 
Ithodesia as the so-called Angoni cuttle. 

As the Zambesi river, constituting* a formidable barrier to migra¬ 
tion especially during the summer months, flows just south of the 
southern extremity of Nyasaland, it was probably in this vicinity 
that the Bantu hordes halted and subsequently dispersed in all direc¬ 
tions, but (liiefly south-east to west in a funlike fashion. As men¬ 
tioned pieviously Sir Jlarry Johnston believes that this took place 
about 700 A.l). 

Obviously reliable information will newer be obtained re^garding 
the details of those prehistoric folk-wanderings, but judging fioni 
the present distribution of cattle, the tribes accompanied by the cattle 
known as Ovambo to-day must have migrated westwards. As 
dese'ribed above, the territory the\v occupied (!om])rises now Angola 
and South-West Africa I^rotectorate. Then following the Ovambo 
herds were the nomads possessing the Bechuana cattle which are. 
to be found to-da> in no less than six cpuntries, r/c. : Angola, 
Northern and Southern Bhodesia, South-West Africa Protectorate, 
Bechuanaland Protectorate and Trauvsvaal. Proceeding due south 
were the owneis of what are now the Makalanga and Zulu sub-ty])e^. 
the former keeping to the plateau of Soulhern Bhodesia while the 
latler preferred the warmer climate of the coast. It is, of course, also 
likely that the original owners migrated in the reverse order to that 
just suggested. 

So many 1 actors, e.g, distrilmtion of (Jlossina, stock diseases, 
wars, fuither migrations, and climatic conditions are (‘oncerned in 
this ])roblem that it is doubtful whether the veil of obscurity wn’ll 
ever he raised from the events of the ])ast millenium. 

At the end of 1934 the cattle in the tei ritory numbered 190,381, 
ol wdiich, 8,597 were European owned {Arinval Rpt, Fc/. T)ept, 
1934). 


Soi(ili-West Africa Protectorate, 

In 1 espouse to the Questionaire several authorities in the Pro¬ 
tectorate expressed their view»s in regard to indigenous cattle, and 
the Native Commissioner of Ovamboland (G. Hahn, Esq.) kindly 
provided photographs. Tho.se w^ho furnished information were Drs. 
Hans Sigwart (12.11.31), A. Maag (9.11.31) and G. Schmid, 
Government Veterinary Surgeons, and Messrs. G. Hahn (24.4.32), 
W. H. A. Schneider (15.12.31) and Carl Schlettwein (29,11.31). 

n Mr. S. G. Wilson, M.B.C.V.S., believes that Sanga cattle are also 
oiind in Nyasaland (conversation). 
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The (lata varies in Jio way from that set down by Groenewald 
and Curson (19dd) in re<»‘ard to O vain bo catUe, and Curson (19d4) 
conrt^rning* Beehuana cattle. The Dainara cattle originally brought 
to the country by tlje Ilereios are of the same type as Bechuana 
cattle. Jlotli sub-types, tiie short sturdy Ovambo and the longhoriied 
and loriglegged Damara are sub-types of the Sanga group. 

It must be emphasised tliat in compiling the two references just 
mentioned, valuable assistance was obtained fiom several of the 
persons mentioned in the first j)aragra])h. 

Photogiaplis of Ovambo cattle ai)pear in Bigs. The cnttie 

population (19do) is roughly 8o4aS99, including ])iobably ir)0,00() 
animals of Ovambo tyi)e. Ai)proximately 560,520 head belong to 
liuro])eans (lett(‘r 04/1 of O.T.‘iO iiom S.V.O., Windhoek). 


Hiijh Com mission Territories. 

Nothing has been published by tht‘ High Commission Admini¬ 
stration regarding the native cattle types of Bechuanaland, Swazi¬ 
land or nasut<»land, noi wa^ a (iuestionain* sent to any of the officials 
oi the tliree teri'itoiies under consideiation. 


Bech nannhnid Brotecfointe.* 

The cattle of the Bechuanaland Protectoiate have been described 
and the distribution of the sub-t,\])e to which they belong 
has been publislnul in Forming in Sonili Afriro (Sept., 1904). Tn 
other ^^ord^, the cattle known in Northern Hhodesia as Barotse, 
those of South-West Africa called Damara, and those known else- 
wheie as ^Janguato or Ngami or Batawana are all membeis of the 
Bechuana sub-t>i)e which occupies the arid grass region of (‘entral 
South Africa. Figs. 67-70 are sufficient to indicate tlie confor¬ 
mation. 

Of the 1,660,000 cattle (1964) apiuoximately 125,000 were Euro- 
])ean-owne(l and of these probably 40,01)0 were improved 

During an official visit to the northern districts of the Protec¬ 
torate in 1960-61 one of the authors (H. H. C.) not only investigated 
the Glossina problem, but other factors bearing on the cattle in¬ 
dustry; since at the time the export trade to the northern copper 
fields (Northern Hhodesia and Belgian Congo) was of great economic 
im])oi‘tance(^'’). 

As this aspect has not hitherto been descu’ibed, it is felt that it 
may serve as an example of what is required in the way of a descrip¬ 
tion of cattle husbandry. 

(‘‘’*) A report dated 19.3.31 wjw submitted to the Resident Commissioner 
Bechuanaland Protectorate, Mafeking, 
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The Cattle Trade in Ngamilcund. 

Introduction. —The territory generally referred to as Ngamiland 
corresponds to the Ngamiland (magistracy Maun) and Chohe 
(magistracy Kasane) Magisterial Districts. These together form the 
northern portion of Bechuanaland Protectorate and occupy the 
middle region of the vast Kalahari plateau, an area characterised 
by the remarkable Okovango Delta. 

The extent of the territory is approximately 25,000 square miles 
and the population numbers probably 25,000 souls, 20,000 belonging 
to the Ngamiland Magisterial District. The dominant tribe is the 
Batawana which, however, numbers but 2,000. In fact, the Ngami¬ 
land District corresponds more or less to the area known as the 
Batawana Reserve. Of approximately equal number and of grow¬ 
ing importance is the Damara tribe, which was allowed to remain 
in the territory after the German-Damara campaign of 1904. Since 
the remaining iiopulution, made up of several tribes, is compara¬ 
tively poor (especially in cattle), we will confine our attention to the 
Batwana and Damara tribes. 

The principal area of occupation in the Chobe District is the 
right bank of the Chobe River. Here the Batawana, numbering 
approximately 500, are the principal cattle owners, as indeed they 
are in Ngamiland proper. 

Away from the alluvial banks of the Okovango and Chobe Rivers 
is flat, waterless, sandy country, covered by dense bush, and occupied 
by a few wandering Basarwa who naturally possess no cattle 
(Curson, 1932). 

General Kemarks. —As far back as the early days of Kimberley, 
traders were interested in the country. They came with their wagons 
of goods, bartered them for oattle and returned to the south. Later, 
stores were established; but it was not until 1920 that the industry 
received the attention it deserved, this being the year that Messrs. 
Susman Bros., Livingstone, having lost heavily through Pleuro¬ 
pneumonia in Barotseland, Northern Rhodesia, transferred much of 
their business to Ngamiland. Others have followed and there is now 
marked trade rivalry. 

According to Stigand (1923), the census of. 1921 gave the number 
of cattle in the Batawana Reserve, which for practical purposes 
corresponds to the Ngamiland district as 103,989; but he indicates 
that probably another 50,000 should have been added to this figure. 
Even to-day it is impossible to give a reliable estimate of the 
livestock. 

For the Chobe district the Acting Assistant Resident Magistrate 
(Capt. Beeching, R.) furnished the following estimate for 1931 : — 

Tribe. No. of Cattle. 

Batawana. 3,375 

Basubia. 1,323 

Bakuba. 268 

Basarwa (Bushmen). 123 

Aliens. 5107 


Total 


6,386 
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The traders naturally prefer barter, but may give half cash 
and half goods. The Administration, on the other hand, considers 
cash purchase lueferable and in order to stiinulale competition has 
recently granted several new trading licenses. The cash price varies 
considerably, dei)ending on the centre, tlie season and the demand, 
but average figures early in 1931 were as follows: — 

Big oxen, lOs.; other oxen, £2. 10s.-fJb lOs.; Cows 
£1. 10 8. and Tollies, 10s.-£l. 

Care and Manayenunt, —With regard to the care and manage¬ 
ment of (‘attle, the methods employed by the Batauana and Damara, 
the chief stock owners, vary somew'hat. The Batairana being the 
“ aristocracy ” of tlie country, look ui)on all work as menial, and 
therefore employ Bakul)a or Basarwa herdmen, who, when o 7 )por- 
tuiiity offers, would not hesitate to steal a beast, and in any case 
are neglectful of their masters’ interests. The Damara, on the other 
hand, are skilled cattle-men, and through good management their 
herds have increased from a few hundreds, at the time of tbeir 
arrival in 1904, to thousands at the present day. 

Most of the leading Batairana families live at or near Maun, 
the administialive centre, and tlieir cattle are grazed in the vicinity 
esjiecially since the Pleuro-pneumonia outbreak of 1927. As a result 
of overgrazing thiough concentration of stock, pasture is sought 
along the edge of the “ fly ” area where infection by Glossina may 
take jdace, particularly along the lower Boro river where conditions 
for agriculture, too, are excellent, (kilves are naturally separated 
from their motheis and grazed near the homestead. Milking is done 
as a rule about midday, the native wooden pail being seldom em¬ 
ployed (Curson, Thomas and Neitz, 19r‘lfl). So far has civilisation 
penetrated that tins or even enamel buckets are used even in the 
most distant jilaces. After weaning, the yearlings graze w^ith iJie 
main herd, but the bulls are not castrated until about 1] years of age, 
in fact one may see a team of (>-8 bulls ploughing! Under these 
circumstances heifers calve at an early age, i.e, about 2-2i years, 
(halving takes [)lace in the ciowded bush or palisade kraal, which in 
the wet season may resemble a morass. Pasture is generally suffi¬ 
cient during the rainy season, but towards the end of the dry season 
(September, November or even December) it has been exhausted 
through overstocking. So serious is the ])osition at times, e.fj. early 
in November, 1980, there was hardly a blade of grass along the motor 
road from Tschiri ria Maun to Lake Ngami (Sihitwa), ex(!ept along 
the Gabarachia-Kgoboga section, wdiich had been deserted on account 
of tsetse-fly. In other w^ords, along a 100-mile stretch, there was no 
grazing availal)le, 25 miles being occu 7 )ied by fly ” and the 
remainder being bare through overgrazing. 

Under such conditions not only do hundreds of cattle perish 
from poverty, their skeletons bleaching along the parched flood- 
channels, but internal parasites cause a great deal of harm. The 
natives too, especially the children, suffer much from the loss of 
milk. 

Several Batawana, instead of concentrating their cattle in the 
southern part of the territory, e,g, at Maun or Tsau, send them north 
to Nokanen and Gomare w^here losses such as described above are 

665 



THE STUDY OF AFllICAN NATIVE CATTLE. 


less eoinmon. If the cattle posts are frequently visited and the 
Bakuba and Basarwa servants supervised all A^ill be well, if not, 
unnecessary losses will take place. A few owners brand their stock 
in the European manner. 

The Damara, on the other hand, leave nothin^** to chance. In 
the first place, they have not the advantage of grazing and their 
herds are not welcomed along the fertile swamps. Being strangers 
they have been c()mi)elle(l to keep their sto(‘lv in the drier country 
around Lake Jsgarni and between this and Tsau. They are, how¬ 
ever, more nomadic than the Batawana and will travel many miles 
to obtain good pasture. The more distant ])ortions and the sandveld, 
even as far nojtli as do miles south of Namaseri, are ranged in order 
to get grazing. Tl)e horizon is eagerly scanned, and if rain has 
fallen, the llainara mounts his donkey and rides away to investigate 
what the prospects are. If water has collected in a pan he will 
bring his cattle and make this his headquarters until he can find 
better grazing. In the dry season, how'evei, when the sandvelil is 
a barren waste, most rely on the herbage about Lake Ngami, where 
reeds, rushes, sedges and grass provide sufficient grazing until the 
w^et season. Drinking waiter is usually a ])roblem and away from 
the swamp area wcdls are dug and callle watered by iiand therefrom, 
a difficult task whicdi the Damara carries out most conscientiously. 
As W’ould be expected Damara cattle can stand drought conditions 
better than the Batawana; but in the southern parts of the Kalahari 
cattle may go for several davs without \\;aterl 

Unlike most South African tribes, the Damara allow, in fact 
encourage, their women folk to take an interest in their stock. The 
cattle kraals are large tmclilsures in which often the family hu< is 
situated, this being done to prevent overcrowiling and interfering. 
It is preferred that cow^s should calve in the kraal rather than out 
at pasture, and the milking is done once daily, often at sunrise, by 
women. The milking pails are of wood and as far as hygiene is 
concerned, the Batawana is superior to the Damara, for the latter 
seldom clean the receptacle, in fact it is stated that custom decrees 
that this should be Avashed only once annually. Butter is made (by 
swinging a calabash to and fro) and this is used not only in exchange 
for grain, hut after the addition of some herb, is emi)loyed by the 
women for anointing their bodies. Calves at weaning are grazed 
with the main herd, any showing trouble in returning to their 
mothers have a slit cut above the nose and by irritation a knob-like 
structure eventually forms. Searing or scarifying is often resorted 
to for conditions such as ophthalmia, lameness, etc., while in several 
cases cattle are disfigured by the native method of branding, e,g, 
lines along body, cut ears, etc. 

Bull calves are castrated at a younger age than under Batawana 
ownership, from 1-2 years being the usual period. The end of the 
scrotum is cut off, the testicles are grasped, one in each hand, and 
with a see-saw-like motion, they are pulled out, the animal in the 
meantime being firmly secured. A bullock is thrown by seizing the 
tail, running with it until it stumbles or hesitates, and then swung 
off its feet when the head is firmly held. 
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])aniaras, not l)ei!io‘ agriculturists, arc generally keen to sell tlieir 
young oxen, hut will seldom ]uirt with u cow. As they take to agii- 
culture, there ^^ill be less imdination to part with oxen. 

Despatch af E,rport Cattle to Xortheni likodcsia ,—With regald 
io trading when the (‘attie have been disposed ot at one of the varioirs 
trading stations scattered throughout the Delta they are, hianded 
and then inoculated against anthrax. They are next despatched 
peliodically to lieadqiiarttus, generally at Maun, and after jiermits 
have 1)een obtaiiUMl iioni the stock inspector, may pioceed to their 
destination, as a jiile, noith of Kazungula. The journey north¬ 
wards, however, deiiends on many factors, r./y. state of market, 
condition of grazing, jiresence of watei*, etc.. 

The firms chiefly engaged in the cattle trade are; - 
Alessrs. Susman Bios., wlio are the chief exporters; 

Messis. Orjihanides Bros.: 

Messrs. U. h. Sutheilaud, Ltd.; and 

.M essrs. IF. C. Werner, of liiisaka, Northern Kliodesia. 

WTiereas until about 1920, cattle were exported chiefly to the 
lailway at Ihilapye Hoad or ria (ihanzi and Letututu to the Southern 
Protectoiate, within the jiast decade th(» vast majority have been 
sent north to Kaziingula for the Noithern Bhodesian and Belgian 
(knigo maikets. 

(kittle are sent on the long journey of 250-d00 miles to Kazun- 
gula (bossing (Zamhesi Hiv(U*) generally after the lains, as otherwise 
drinking uater would he scanty, in fact there are stretches of country 
along Avhich, dining the diy season, water is not jirocurable for 2-1 
days. In the lainy season, January to A])ri1, the greatest distance 
between any t^^o jiools or pans N\ould be 10 miles. In order to 
(‘iicourage the exjiort trade, the Administlation has sunk wells at, 
two places, Sakohs and Xana, between Puluhelo and Tsotsoroga Pan, 
but the whole water ]>roblem is exceedingly difficult. 

The cattle are sent forward according to size, e.g. big oxen, 
tollies and cows, so as to make grazing easier. En roatc large bush 
kraals are constructed, not only to prevent animals wandering, but 
also for protection against lions at night. Each consignment is 
under the charge of a European foreman who has 2 natives for each 
100 head. The cattle move slowly along at tlie rate of 10-15 miles 
per diem, unless circumstances ordain otherwise; but obviinisly the 
condition of the stock must not suft’er in any way. AVheii the market 
is slack, as it has been since 1930, the cattle are grazed in suitable 
localities, along the Chobe river, between Kachikau and Kazun- 
gula, until they are required. The route taken by cattle is along 
the so-called cattle or fly ’Lfree road, and shown on the accom¬ 
panying map, Fig. 72. It will be observed that as far as Makarane, 
the motor and cattle routes are w’idely separated, ex(‘ept at Tsotsoroga 
Pan, but north of this, they cross frequently. Owing to the sandy 
nature of the country, cattle are kept from the motor road otherwise 
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it would be rendered useless for motor traffic. A dipping tank of 
5,000 gallons is available at Kasane, 9 miles from Kazungula, but 
paiasitic conditions, e.g, due to ticks, lice and acari, are chiefly seen 
in winter. 

All slaughter cattle proceeding io Northern Ithodesia or the 
Belgian Congo, are quarantined a month at the Northern Bhodesian 
Quarantine Station at Kazungula. On the Bechuanaland Protec¬ 
torate side of the Zambesi river, a (iovernment Veterinary Officer is 
stationed at Kazungula (just opposite the Khodesian Station), and he 
is responsible for the health of the animals prior to the crossing 
which is carried out towards the end of each month. Before the 
cattle are swum across, they are inspected by a veterinarian of the 
Northern llhodesian (fovermnent and then branded with the letter 
K, on the right hindquarter, the latter operation being carried out 
ill a crush by a stock inspector of the Becluianaland Protectorate 
Government. 

The crossing of the Zambesi river, w^hich at this point is approxi¬ 
mately 600 yards wide, is carried out by natives who, standing in a 
large barge, attach ropes about the horns of the cattle. Other 
natives then paddle the barge across stream, the animals really being 
pulled along. Five to seven head are taken at a time and the 
journey across occupies 15-20 minutes, whereas the return trip is 
done in half that time. On reaching the Northern Rhodesian side, 
a shelving bank is selected and as vsoon as the cattle feel the ground, 
the head ropes are loosened (one boy to each beast), and they walk 
ashore without difficulty. The Quarantine Station, in charge of a 
stock inspector, is situated about 50 miles from Livingstone and has 
a river frontage of about (i, miles. Dipping is carried out weekly, 
and before cattle are released inspection by a veterinarian is again 
carried out. 

The fees for the crossing are as follows: Is. per head to the 
Bechuanaland Protectorate Government—supervision or inspection 
fee, Is. per head to Messrs. R. F. Sutherland & Co., who carry out 
the crossing, and .3s. jier head to the Northern Rhodesian Govern¬ 
ment for inspection, grazing and dipping. The Bechuanaland Pro¬ 
tectorate Government fee is paid to the Magistrate at Kasane, and 
herd boys during the quarantine period of one month are provided 
by the owners. 

The cattle on arrival at Livingstone are either killed for local 
(tonsumption (since Northern Rhodesia can hardly supply its own 
needs), or sent in sealed railway trucks to the copper mines in 
Northern .Rhodesia or Belgian Congo. Each train is under the 
charge of a policeman who has instructions to shoot any cattle which 
may escape from a truck, e.g, as the result of a derailment. It has 
been suggested that breeding stock fi^m Ngamiland should be ex¬ 
ported to the north. Not only is this undesirable at present, for 
the reason that it is not certain whether Ngamiland is in a position 
to do so, but since the Northern Rhodesian authorities suggest a six 
months’ quarantine, it is perhaps better to postpone this ^an until 
the matter has been further considered. 
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Available export totals via Kazan^iila are as follows: — 


1920 . 

... 1,931 head. 

1928 . 

. 5,882 head. 

1921 . 

... 3,900 ,, 

1929 . 

. 4,405 „ 

1922 . 

... 3,629 „ 

1930 . 

. 7,386 ,, 

192y. 

... 6,302 „ 

1931 . 

. 9,090 „ 

1924 . 

... 0,669 ,, 

1932 . 

. 6,392 „ 

1925 . 

... 7,541 „ 

1933 . 

. . 

1920 . 

... 9,914 

1934 . 

. 1,800 ,, 

1927 . 

... 0,510 „ 

1935 . 

.Xo record. 


NgaDiilan<], beiug so isolated and liaviiig no centres of European 
activity, r.r/. mining or factories, depends entirely on the (tattle 
industiy. If ihere is no market for their stock, the natives are un¬ 
able to pay their annual tax of 2os. The traders, having invested 
large sums of inone> in the country, have made serious efforts to 
improve the position by finding new markets. Attemj)ts have even 
been made to establish business lelations with the diamond mines in 
Angola, the cattle being driven through the Caprivi Strip via 
Bagane Drift, and thence along the right bank of the Kwando Tliver 
to Saurimo, a distanie of over 1,000 miles. 

In the circumstances, the interest of the liechuanaland Pro¬ 
tectorate (Jovernment in the cattle trade can well be understood. 

of Cattle /lujihavdry, —Since the eradication of 
Pleuro-j)neumonia (intenmane) at the Caprivi border in 1927, there 
is probably no healthier cattle country in Africa. The cause of the 
greatest mortality is starvation (lihvpavnt)^ but this is due to the 
concentration of herds in the south of the teiaitory, leaving un¬ 
touched the ric h pastilles north of (iomare. ludlowing on the 
weakened slate assoc iated with malnutrition, many animals in vseek- 
ing water are unable to extric*ate themselves from the muddy 
‘‘ nielapo ” and thus die of exhaustion. Nagana (fsrt.se), i.e. chiefly 
T. coiiffolcnsc disease, is responsible for comparatively few deaths 
especially now that the value of tiyiianocides is uidely known. Jn 
any case, by ciareful herding (ilossina infection may be avoided. 
Anthrax (Jciratshi) is reported to be prevalent at Kachikau, Maun, 
Toten, Lake Ngami and Tsau, but it is probably less serious than is 
believed. Anthrax vacc‘ine is issued free to natives and all ex])ort 
cattle are inocuilated at Maun, Mange and lousiness are common 
in winter. Export cattle while in the vicinity of Kasane (where the 
only cattle dip-tank is situated) improve after a few immersions. 
Fascioliasis and other Mmrm infections are common in the swamp 
region. “ Bad ’’ water (whether due to mineral, animal or vege¬ 
table matter) is undoubiedly responsible for mortality. It is more 
than likely in some cascfs that decomposing algae are harmful and 
that after drinking froivi polluted ponds death follows after a short 
illness. Pammel (1911) records Nodvlaria apvrmgera as being sus¬ 
pect in Australia, and there is reason for believing that a similar 
agent has been encountered in South Africa (e.g. Worcester). 
Poisonous plants also play an importat role. The chief malady 
affecting young cattle is calf paratyphoid (sihiti), 
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Basvtokmd,* 

Owing to Basutoland being* surrounded by Union territory, and 
cattle of European breeds having been introduced in large numbers 
over many years, the original native cattle, formerly chiefly of Zulu 
conformation, scarcjely exist. In their place are the usual nonde¬ 
script animals tending towards the Brachyceios t,\])e. 

SwazilaruL* 

As will be seen from Map II, the cattle of Swaziland are of the 
Zulu sub-type. 


Sou th e rn lih odea ia. 

The reply (letter of o.ll.dl) from the Prime Minister, Southern 
Rhodesia, to the Minister of External Affairs, Pretoria was to the 
effect tluit the native cattle of Southern Rhodesia had already been 
described by Xobbs (1927) and that the Government was not in 
possession of a copy of the paper in question. The reference, liov- 
ever, was given. 

Unfortunately Nobbs’ original aiticle was not accompanied by 
photographs nor by a map showing distribution of cattle types, but 
in subsequent papers by Bisschop and Curson (19f‘h‘5) and Uiirson 
(1984) this information has been provided. 

All that it is necessary to state now is that there are two dis¬ 
tinct types of native cattle, the Bechuana beast and the so-called 
Makalanga or Mashona beast. 

Nobbs (1927) described the Bechuana as the Mangwato or Ama- 
bowe and his comments are as follows:—“ The Mangwato is a dis¬ 
tinct type, deserving of the distinction of a breed, not to be confused 
with the Matal:ele(‘’‘’) or Makalanga. It ]s found (in Southprn 
Rhodesia) particularly in the south and west of Gwanda district, 
in the southern end of Bulalima-Mangwe, and across the border to 
the south of Tiili also, T1 lis breed is one wdiich has contributed its 
share to the Matabele, and was in existence long before the advent 
of that warrior race. Mangwato cattle are large-framed, the tat 
oxen averaging 000 lb. dressed weight. They stand on long, strong 
limbs and carry very wide-spreading thick, heavy horns. They 
make heavy, powerful trek oxen of great endurance, and the carcase 
is of good shape and quality, though maturity is only reached at 
eight or nine years. The cows yield, as native breeds go, a good 
quantity of rich creamy milk, and generally furnish about ten 
calves. They show a lesistance to the common diseases, and probably 
possess some degree of inherited immunity. Red or red-w^hite colours 
predominate though most colours are found, and they show that 
fixity of type which is characteristic of long-established breeds 

( 50 ) Nobbs describes the Matabele cattle, but as he himself notes, they 
are of a very mixed derivation so recently collected and amalgamated that the 
original types are known and distinguished, and they jmssess no common 
characteristics distinguishing them as a.breed ...” 
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He makes no reference io the presence of a small hump, cervico- 
thoraoic in situation and muscular in struct m e, an im])ortant feature 
of Sanga cattle in general. 

The Makalanga cow was descrilied by Bisschop and Curson 
(1933) and it remains to be stated that the bull, like the cow, varies 
greatly in conformation. All Makalanga (ialtle are small and of 
light build, a good ox rarely exceeding 800 lb. Some animals are 
sturdy wdiile the majority are weedy. The cow showui in Fig. 74 is 
a good example, but the bull represented in Fig. 73 has poorly 
developed limbs. The distribution of the type is shown in Map IT. 

In regard to orifjm of cattle in Soul hern Rhodesia we may quoie 
Hall and iSeaFs (1902) (^^) remarks concerning tin* ruins of that 
countiy as follows:—“ In the more ancient debris heaps and under 
ancieni cemented floors are Aorn.? of veiy small oxen—short hornerl— 
smaller Hum (luernscw cattle and ])robably tlie breed from which 
ihe jireseni Zambesi caffle originated. They were preserved by the 
cemeni-w’ork by which they were hermetically sealed from the action 
of the weather. Long-horned <‘attle were not introduced into South 
Africa until late in the seventeenth century (p. 153). 

Until the horns have been examined it is difficult to pass an 
opinion, but assuming they belonged to cattle is it certain they were 
not of calves, w'hich according to our view' were of the Sanga typer 
It has already been stated above that long-horned cattle were intro¬ 
duced south of the Zambesi first by the Hottentots and later by the 
Bantu. It was only in the seventeenth (‘entury that Kuropeans intro¬ 
duced cattle iiito South Africa. 


In coniH'ction with ])rehistoric ruins one should r(*ad Gwatkiu’s 
(1933) articles in The lihodeniiaii Journal on “ The Ancient 

Forts of Penhalonga ” in which he discusses the view that they 
were cattle ])its. Another ])aper by Capt. Wilson entitled ‘‘ The 
Ancient (Ivilisation of the Bift Valley ” and appearing in Man 
(Vol. 32, ]). 298) suggests a prehistoric Great North Road to Egypt. 
Apart from Egyi)t where valuable historical records are lepresented 
on ancient monuments, nothing is known elsewhere in Africa regard¬ 
ing the earliest cattle, except what is indicated in this Report. 

Of the 2,710,702 cattle in the territory in 1934, 1,708,007 were 
native owned. 


Mozamhiqve,'^ 

Map II does not represent at all accurately the distribution of 
cattle in this territory. All that can be stated is that the Zambesi 
River fornivS a convenient line of demarcation betw^een the Short- 
horned Zebu to the north and the Sanga cattle (sub-type Zulu) 

(*^) This reference was brought to our notice by a correspondent signing 
himself ** L. F.”, his letter being dated 29.3.33. 
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to the south. According* to Botelho (1933) there were approximately 
half a million head of cattle in the country in 1932, distributed as 


follows: — 

Lourenco Marques. 375,770 

Inhambane. 15,944 

Quelimane. 12,076 

Tete ... .. 72,462 

Mozambique. 4,817 

Cabo Delgado. — 

Niasa. 2,013 

Manica and Sofala . 36,067 

Total . 519,149 


Union of Sovth Africa,"^ 

As described by Curson (1936) the time has long passed for 
describing the indigenous caUle of the Cape, Orange Free State 
and Southern Transvaal. Apart from the scattered Afrikander herds, 
there has been so much intermingling with (tattle of European origin 
that a nondescript type, possessing chiefly Bracliyceros charac¬ 
teristics, has arisen As shown in Map IT the cattle of the 

Northern Transvaal are of Bechuana origin, and those of Natal of 
Zulu type. 

As photographs have already been given of Bechuana (tattle 
(Figs. 67-70), it is necessary only to 8ho%V the Afrikander (Figs. 
77 and 78) and Zulu (Figs. 79-82). The Zuhi beast is a member of 
the Sanga type and as mentioned in the classification (p. 11), while 
the hump is cervico-thoracic, /ind muscular, the skull is quite diffe¬ 
rent, the circular horns, especially in the cow, being upright and 
lyre-shaped. The Afrikander on the other hand has oval horns 
which are disposed in a lateral direction. Again the coilvex profile 
of the elongated Afrikander skull differs materially from the straight 
profile of the broad Zulu skull. 

Figures 81 and 82 are photographs of a bull and a cow of the 
Black Nkone ’’ breed which by selection has been evblved from 
the Zulu sub-type. A herd has been establised at Onderstepoort. 

Thompson (1932) has desciibed a herd of so-called Sdcred cattle 
of Sanga type in the Transkeian Territories. These Bolowana cattle 
as well as another herd described by Soga (1931) apparently represent 
the most southerly of our indigenous cattle, in fact, they may be 
compared to islands in a sea of nondescript grades. 

Summary. 

It being believed that the Third and Fourth Migrations were 
responsible for the extension of indigenous cattle from North-East 
Africa (probably Abyssinia), the cattle types occurring in the various 
territories concerned may now be summarised: 


(**) Centres of such nondescript cattle are to be seen throughout Africa 
in the neighbourhood of towns. The ubiquitous European, wishing to improve 
the milk yield of native cattle, soon introduces Bracnyceros breeds. 
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Th ird Migration . 

It is remarkable that the Lateral-horned Zelni or Afrikander is 
found only in the Union of South Africa, chiefly in the north-western 
part of the Oran«e Free State. 

Fovrth Migration, 

Sanj^*a cattle occur in Central and South Africa either alone or 
associated with the Short horned Zebu, which came apparently from 
India and constituted the Sixth Mif^ration. 

Ahgssiaia, —(1) The cattle are of three types, Shorthorned 
Zebu, Brachyceros and Sanf:*‘a, the last-mentioned receiving its name 
from the giant horned (ralla or Sanga oxen of Abyssinia. 

Anglo-Eggiitiaa Sudan, —(1) The same three types occur in the 
Sudan. 

Uganda. —(1) The Shorthorned Zebu is dominant in the east 
while tlie Sanga (Anhole) is most numerous in the south-west. 

(2) Crosses are numerous. These naturally tend either towards 
the Sanga or the Shorthorned Zebu side. 

(d) At the Koja Exiieiimental Farm observations are made into 
native cattle. 

Krngff. —{]) The cattle of Kenya are all Shorthorned Zebus. 

(2) Much experimental work is being undertaken in order to 
improve the milk yield of native cattle, the results being most 
promising. 

Belgian Congo.-—(\) Sanga cattle, which vary from polled 
animals (a few) to giant horned specimens in Ruanda-TJrundi, occur 
along the mountainous eastern border. 

(2) Apart from the eastern frontier and a few small centres 
elsewhere, i\g. Katanga, the country is Glossina-ridden. 

Tanganyika. —(1) The dominant type is the Shorthorned Zebu, 
only a small part of the territory in the north-west being occupied 
by Sanga (Ankole) cattle. 

(2) More attention has been paid in Tanganyika to native cattle 
problems than elsewhere in Africa. 

Angola. —(1) The cattle are entirely of Sanga type, the sub- 
types represented being the sturdy Ovambo and the long legged 
Bechuana. 

Northern Rhodesia. —(1) Both Shorthorned Zebus and Sanga 
cattle occur, the former in the north-east being an extension of the 
Sixth Migration, and the latter resulting from the Fourth Migration. 

(2) Two sub-types of Sanga are to be found, the Bechuana or 
Barotse in the west and the Baila (or Mashukulumbwe) in the central 
region. 

Nycbsaland. —(1) The dominant type is Shorthorned Zebu. 
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South-West Africa Protectorate ,—As in An<>’ola, two sub-types 
pf Ranga caitle are to be fourul, the Ovaiiibo in ibe north and 
Becliuaiui (or Daiiiara or Herero) in the central areas. Tn the south 
the cattle are nondescii])t as in the Cape Province. 

Ihfjh Commission Territories, Beclnianahind Protectorate ,— 
(1) The doniinaiit sub-type is Bechuana which offers much i)i()mi8e 
of improvement by selection. 

(2) A description is given of the cattle export trade of Ngami- 
land. 

Basutoland. —(1) The (‘attle are nondescript as a result of in¬ 
fluence of European breeds. 

Siraziland. —(1) Sanga cattle (Zulu sub-type) predominate. 

Southern Jihodcsia, —(1) Two sub-types of the Sanga occur, 
immely, the Makalanga (or Mashona) and the Bechuana. 

Mozambiqve, (1) The cattle are of Sanga type south of the 
Zambesi Itiver (Zulu sub-type), but of Shorthorned Zebu type north 
of the river. 

I'mon of South Africa. —(1) The greater part of the country is 
oc(‘U])ied by cattle of nondescript type, originally Sanga, but gradu¬ 
ally tending towards Brachyceros. 

(2) The Afrikander is the native type which through sele(*tioii 
by European farmers has attained universal renown. The second 
indigenous variety hitherto neglected is the Zulu, a sub-type of the 
Sanga. 
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The lyre-horned Zebu appears to represent the cross between the 
Hainitic Longliorn and Shorthorned Zebu. 

Summary, 

As we have seen there are cattle of Sanga and Shorthorned Zebu 
types in West Africa. Knowing that these are best represented in 
North-East and East Africa, it is suggested that they accompanied 
the wanderings of Bantu tribes and Arab w^arriors from North-East 
and East Africa respectively. 


CHAPTEK 111. 


SOME EXTRA-AFRICAN CATTLE. 


Introduction. 

As it w’as obvious that certain breeds of cattle outside Africa 
bore a striking resemblance to some African' types or sub-types, it 
'was decided to seek information from the count lies in question so as 
to acquire knowledge as to their origin. Tn this way it W'US hoped 
light might be thrown on the origin of African cattle. 

At this iK)int it should be stressed that Curson and Epstein’s 
paper (1934) on the skull of the three parent stocks of African cattle 
with comments on migration routes, and Curson’s paper (1935) on 
the hump of African cattle, had not appeared, vso the position re¬ 
garding origin was not so clear then as it is to-day. 

Accordingly a Qiiestionaire w’as sent to the countries under con¬ 
sideration. Thanks to the Secretary of the Imperial (Council of 
Agricultural Research, New Delhi, replies w^ere olitained fiom the 
Directors of Agriculture of Madras, United Provinces and Bombay. 
As is well known to those who have been to East Africa, the native 
cattle are of the so-called Indian Zebu or Brahman type. Hence our 
desire to approach the Indian authorities. Again, owing to white 
cattle (Fulani) with pigmented skins having been encountered, in 
Nigeria (during a tour of that country by 11. W. T. in 1911) and 
Zululand, and being aware that cattle of similar coloration occurred 
in Scandinavia, a Questionaire was despatched to both the Swedish 
and Norw^egian Boards of Agriculture. Finally, having observed in 
the Argentine (during a visit to that country by 11. W. T. in 1927) 
that y Criollo ” cattle possessed skulls similar to those frequently 
seen in African Sanga cattle, it was decided to approach the Minister 
of Agriculture, not only in Buenos Aires but also at Rio de Janeiro, 
since ‘‘ Criollo cattle are to be found in Brazil as well. 
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So generous was the response to our enquiries that it will be 
impossible in an account of this nature to discuss anything but that 
which bears on African cattle. Not only were complete accounts 
furnished in most cases of the breeds of the various countries but 
excellent photograi)hs accompanied the descriptions. To the authori¬ 
ties of the respective countries we extend our cordial thanks. 

It will be convenient, however, to refer to data available from 
Great Britain, Palestine and Jamaica although no Questionaire was 
sent to those countries. 

India. 

It is not generally known that, of the 18G millions of cattle in 
Asia, India ])ossesses the largest number, namely 1G7 millions. In 
fact India is the greatest cattle country in the world, the United 
States of America corning next wiih G1 millions {Vet. Her. 18th 
April, lOfiG, j). 517). 

As mentioned on ]). G2‘l the Indian Zebu or rather the Shorthorned 
Zebu is charactiu'ised hy an elongated skull with generally a convex 
profile, and a inusculo-fatty thoracic hump. ()n dissection, the 
thora(‘ic vertebrae are seen to jrossess bifid superior spines, as in the 
Afrikander. It must be emphasised that not all Indian cattle are 
shorthorned. Some breeds, e./j. Hallikar and Amrit Mahal have 
long horns, while according to Epstein (letter of 10.4.30 to 
Director of Veteiinary Services) in a Nepalese breed the skull 
resembles that of the Afrikander. See (hidcrsfcfwort Journal, Vol. 
7, No. 1 (1936). 

Aftej* reviewing the jiarticulars forwarded from India it was 
obvious, as stated by Holm (see Kenya), that the Indian breed 
resembling most closely the cattle of East Africa w^as the Thar 
Parkar. See Fig. 83. A description of the breed, taken from leaflet 
No. 19 of 192G and issued by the Department of Agriculture, 
Bombay, is given hereunder: — 

“ Breeds of Cattle tn the Bombay Presidency — 

8. The Thar Parhar Breed. 

The Bombay Ibesidency to-day possesses some eight breeds of 
cattle, which undoubtedly at one time must have been pure breeds, 
as to-day in certain localities fairly ])ure types of these breeds are to 
be found. 

Sporadic reappearance of typical animals is to be found in 
each breed, undoubtedly reversion to the one-time pure breed. These, 
how^ever, are getting few^ and far between owing to in-breeding in 
the mongrel herds to be found to-day. 

These breeds are or have been so bred that they aie particularly 
useful to the tracts in which they are found, and it is very doubtful 
if any other breed could give the ne(*essary good w'ork that the breed 
now found in the locality is capable of. To illustrate, the long 
legged, upstanding Kankrej is particularly suited to the deep rutted 
sandy roads of Gujerat, and the Dangi wuth its flint-like hoof, and 
its dark skin is jiarticularly useful in the heavy rain Ghat tracts 
and wet rice cultivation of these areas. 
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The breeds of the Presidency can be divided into the followini^ 
grades according to their usefulness: — 

Heavy, Light and Medium draughty milking or dual purpose: 

The Heavy draught breeds being the Kankrej, Krishna 
Valley and Gir Breeds. 

The Light fast draught breeds being the Amrit Mahal 
and the Khillari. 

The Medium draught breeds being the Dangi. 

Purely milk breeds being the Siridhi. 

Dual purpose breeds being the Gir, Kankrej and Thai 
Parkar. 

Introduction, The breed takes its name from the District Thar 
Parkar in which it is bred. From the outward conformation of the 
animal and from the history of the breeders, it is fairly certain that 
this breed has sprung from the Kankrej. The Sindhi breeders of 
Budin some generations ago settled in lladhanpur State and then 
later migrated to Badin, and it is more than possible ihey took with 
them this line breed of Kankrej cattle. The Mahoinedan breeder has 
no scruples as to milking cattle, milk being his first object in keepings 
cattle. Unlike the Kankrej of Gujerat, the Thar Parkar is a first 
class milk animal. The Thar Parkar w^as brought into prominence 
during the Great War when milch caitle were required for the army 
in Mesopotamia. On an average it did better in Mesopotamia than 
the famous Sindhi and has proved itself at many of the military 
farms as a good dairy animal. 

Natural Habitat ,—The home of the Thar Parkar is in the Thar 
Parkar District of South Sind, w’here only scanty and rough grasses 
grow which is so peculiar to this district. The soil responds quickly 
to even light showers of rain. The district is extremely hot in the 
summer and fairly cold in the winter, the nights being cool through* 
out the year. The tract being very difficult to get at and transport 
facilities being veiy poor, there has been little chance of any foreign 
breed getting into the tract and it has, therefore, kei)t fairly pure. 

Breed^r ,^,—The breeding of this breed is in the hands of a pro¬ 
fessional Mahoinedan breeder, who, like the breeder of the Sindhi 
breed, locates his temporary home, where w^ater is available. He is 
particular about the sire that heads his herd. 

Types ,—There are tw^o types of this breed, one inclined to put 
on more flesh than the other, in colour and outward conformation 
there being little or no difference. The types to be had at Mithi, 
Dipla and Nagar Parkar where the water is brackish are not so good 
as those bred in other parts and these are inclined to be more angular 
than those bred in other areas. 

Availahility ,—The breed, although bred extensively, seldom 
finds its way far from its natural home, this being due to the nature 
of the countrv. Purchases can be made at the following villages 
which are railway stations: — 

Badin, Dhoro Naro, Jida Gudam and Shadipali. 
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An annual fair is held at Badin in November, where a good 
number of breeders assemble with their cattle. A small herd is 
maintained at Phihai, where bulls will be available in the near 
future. The Imperial Department of Agric.ulture have a fine herd 
in Karnal in the Punjab. 

Prices ,— The prices of the male range between Rs. 200 to 250, 
the cow about Rs. 150 to 200, and a good pair of bullocks being 
valued at about Hs. 300 to 400. 

As a Draught aiul Milch Animal .—The size, hardiness and 
general conformation and the milking qualities make this breed one 
of the most useful in India. Il is now being recommended 
by the Imperial Department as the breed to be used to improve all 
other breeds in the country. It has proved its usefulness as an 
ecionomical dairy animal in Mesojmtamia and all over India. At one 
time it was known as a grey Sindhi and was confounded with the 
Sindhi, until the Great War when they did so well, the matter was 
investigated and it was found that it was a breed, bred in a special 
locality. In Karachi it is often spoken of as the ‘‘ Cutchi ’’ and is 
used extensively for road draught. The great difficulty is in pur¬ 
chasing good specimens as the greater portion of breeding is carried 
oil in the interior miles away from the railway. 

The Thar Parkar as a dual purpose animal is second to none in 
India. 

Description.- A fair sized animal with good care will grow to 
a large size, the cow weighing from 850 lb. to 950 lb. and bull from 
950 lb. to 1,200 lb. 

Cfflour .—Typically a grey with dark or black points, the fore¬ 
quarters and hind-quarters being almost black. The colour in the 
female like all greys gets deeper in the winter and in-(‘alf, after 
calving getting lighter in colour. 

Head .—The head is well carried, small with a distinct dish in 
the centre, medium muzzle, nostrils broad, eyes small but bright, 
the horns are irregular, large and small horns being found, ears 
medium to large and pendulous. 

Fore-quarters. —Neck: fine, well set on, wdth thin fine medium 
dewdap. Fore-quarters, s<piare, strong and wdthers light, hump of 
medium size. 

Ifind-quarlers .— Fairly wide, long, fairly level, rump long and 
muscular in the male; fine, broad iii the female. 

Udder .— AVide, long, tucked up, small, but very shapely with 
good teats well set ai)art, milk veins prominent and tortuous. 

Hair and Skin .—Hair very fine and the skin is thin, fine and 
pliable. 

Style. Alert, vigorous and bold. 

As has been mentioned, a fine dual purpose animal suitable to 
any part of India. It has the makings of a first class dairy animal 
and the males really good draught animals 
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Although descriptions of other breeds of Shorthorn Zebu cattle, 
e,g, along the Arabian coast, are not available, yet considering the 
extent of trade between the East Coast of Africa and Bombay over 
many centuries it would not be surprising that rattle of the Thai 
Parkar were originally introduced into what are to-day Kenya and 
Tanganyika. What is indeed surprising is that the African cattle 
have after so many centuries retained in general their original con¬ 
formation! The influence, however, of inter-breeding with Sanga 
cattle is manifest in many districts. 

It is worth noting that Mc(3ull (1930) imported Krishna Valley 
bulls from India in order to improve the Tanganyika Zebu, but 
according to Hornby (1933) “ an unexpected setback ... is the 
discovery that the giade offspring are extraordinarily intractable, 
and we are no\v inclined to think that the greater do(‘ility of the 
average Tanganyika Zebu is a very valuable attribute which out¬ 
weighs any small advantage which the Krishna Valley may have in 
conformation or milk supply ’’ (p. 72). 

White cattle with pigmented skins occur not only in India, 
but also in Tanganyika, north of the Central liailway (Singida 
cattle), and Nigeria (White Fulani cattle). While in these cases 
the African cattle are of Zebu type (thoracic hump) the question 
of their origin from India and their relationship is i)ossible. The 
White Zulu cattle (Nyoniaipumuli cattle) on the other hand are of 
a different type (as is the Fjallras of Sweden), and in this case it is 
not a question of the Zulu cattle originating in the East and of 
relationship, but of the origin of the type of colonition^ namely, w'hile 
coat with pigmented skin. More will be said about this matter in 
the reference to Sweden. 


Palesttn'ip*(^^), 

The undermentioned breeds of cattle are found in Palestine: — 


(a) Small local cow—Arab breed. 

(h) Jaulan breed. 

(c) Beyrouth or Lebanese breed. 

(d) Damascus breed. 

(a) Arab Breed, 

General ,—This breed is neither a dairy, beef or working animal, 
due to poor feeding and housing conditions and to no attempt at 
selection or use of mature bulls. This breed has one good quality, 
how^ever, in that it is exceptionally hardy and is very resistant to 
disease. 


Conformation: Height at withers . 108 cm. 

Height at back. 107 ,, 

Height at croup .Ill ,, 

Breadth of chest . 30 ,, 

Depth of chest. 56 ,, 


(*3) Details kindly furnished by J, M. Smith, Esq., O.B.E., C.V.O 
Palestine (his letter V/8/2/20 of 8.3.35). 
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Colour ,—The usual colour is black and white but red cattle with 
white markings are also found. 

Weight .—Average live weight is 200-250 Kg. 

Milking Qualities .—The annual milk yield ranges between 400 
and 800 litres with 4 to 5 per cent, butter-fat. 

{h) Jaulan Breed. 

General .—This breed originaled from Jaulan (Syria) and is 
superior lo the Arab, being of a more robust build, the cows giving 
more milk and the oxen better for draught work. Like the Arab, 
the breed is also resistant to disease. 


Conformation '.—ITeight of withers.114 (un. 

Height of back.114 ,, 

Height of croup. 115 ,, 

Height of tail-head . 117 ,, 

Breadth of chest. 32 ,, 

Depth of chest. 57 ,, 

Circumference of ribs.155 ,, 


Colour .—lied and fawn is usual but black is not exceptional. 

WeAghi-lA\e weight varies between 350 to 450 Kg. 

Milking QualHics .—Under their home conditions cows yield 
from 700 to 1,200 litres. 

(r) Begroutfi Breed. 

General .—This breed originated in the Lebanon and were bred 
mostly by small holders in the villages of the Lebanon, especially 
around Beyrouth. This breed is larger than the »laulan and has been 
imi)orted into Palestine because of its milking, draught and disease- 
resisting qualities. 


(\)nfonnation :—Height of witheis . 125 cm. 

Height of back ..124 ,, 

Height of croup. 127 ,, 

Height of tail head . 129 ,, 

Breadth of chest . 88 ,, 

Depth of chest . 05 ,, 

Circumference of ribs . 174 ,, 


Colour .—Bed and fawn is usual but black is not exceptional. 

Weight .—Live weight varies between 350 to 450 Kg. 

Milking Qualities .—Under usual pasture conditions the yield is 
between 1,000 to 1,500 litres. When hand-fed with concentrated 
food the yield goes up as high as 4,000 litres. 

{d) Damascus Breed. 

General .—This breed originated in Syria, principally around 
Damascus, and was imported into Palestine because of its high 
milking qualities. The breed is inclined to be leggy, not very 
solidly built and is not so resistant to disease as the other breeds. 
It is primarily a milk breed and is not of much value for beef and 
draught purposes . 
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Conformation: —Height of withers ... ..140cm. 

Height of hack. 139 ,, 

Height of croup .144 ,, 

Breadth of chest. 37 ,, 

Depth of chest . 69 ,, 

Circumference of ribs. 179 ,, 

Colour, —Black or red. 

Weight, —The average live weight is 470 Kg. 

Milking Qualities, —The average yield is 3,000 litres but 
selected cows give as high as 5,000 litres. 

Thanks to the photographs sent by Ihe Chief Veterinary Officer, 
it is clear that the cattle of Palestine are of Bruchyceros stock. 

yonvag. 

Of chief interest in Norway and Sweden are the while cattle 
which one of us (R. W. T.) believed might be related to the white 
cattle of Africa. Subsequent investigation, however, indicates that 
the cattle are of entirely different types, but this does not rule out 
the possibility of the white colour and pigmented skin having in 
each (*ase been derived from the same source, i)re8umal)ly in Asia. 

Professor H. Isaachsen of the Royal Agricultural College, Aas, 
Norway, not only kindly replied (27th February, 1932) to our Ques- 
tionaire, but also furnished two publications Landbruksboken ” 
and ‘‘ Husdybruket ” describing the Norwegian breeds, of which 
there are six, each occui)ying a well defijied j)art of the country. 

He states that there is “ no bl'eed of the type generally called 
white ... we have—as in Northern Sweden, Northern and Eastern 
Finland and Northern Russia—what w^e call ‘ sidet ^ (sided) colour 
type i,e, the sides are black, red or grey. The back has a broad wdiite 
line from the head (generally the line begins a little back of the neck) 
down to the tassel of the tail. The under part of the body from the 
head or neck is white. These coloured sides are of various sizes until 
there are only small patches which finally in some cattle are absent; 
and the animals are then all white, but with pigmented ears, and 
generally pigmented muzzle. The wiiite (tattle in this country are 
accordingly white, becauvse they are decoloured from the ‘sidet ’ 
fh® matter in another way, the wffiite cattle have 
only white markings! As a type our cattle have no eye rings or 
black teats, but there might be some animals possessing these dark 
points. 

We have no animals with black skins covered wn'th white hair. 
Sometimes, however, about one inch outside the coloured sides of the 
‘ sidet ’ type, the skin under the wiiite coat is pigmented. Ears, 
hoofs, etc., are pigmented, dark or less dark according to the main 
colour of the animal. . . . The muzzle is either pigmented or flesh 
coloured 

In Norway no attempt has been inade to create a breed from 
the white cattle. 
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Sweden^ 

The Swedish authorities kindly replied to the Questionaire and 
provided copies of the publications “ Svenska husdjurraser ” by Sven 
Sixtensson and “ Agriculture and Fisheries in Sweden ”, published 
by the Swedish Board of Agriculture. 

In Sweden, according to Professor Isaachsen, the Fjallras or 
Fjreldras polled mountain breed (see Figs. 84 and 85) represeuis 
the “ sidet ” type just referred to. The coloured parts may be 
black, red or grey, but apparently through selection chiefly while 
animals witli black points are preferred. There are two other breeds, 
namely Swedish red and while breed and the Swedish lowland or 
Fries breed. 


Great Britain.* 

We w’ere naturally interested in the so-called wild wdiite cattle 
of (jieat Brilain for the advancement of w^hich in 1918 was formed 
the Park Catlle Sociely. MucJi useful information was obtained 
through the Office of the High (Vmimissioner, Trafalgar Square, 
London, from Sir Claud Alexander, who has probably the largest 
herd in the United Kingdom. 

Bohrmann (1924) has contributed an article on Park (-attle, but 
it suffices to state at present that there are tw^o varieties, polled and 
horned, and that only the points, muzzle, feet and ears are pig¬ 
mented—not the entire body as sometimes seen in African w’hite 
cattle. 

Diarnsaion on ‘‘ IlTi/fc ” Caitic. 

With the above details available, it is now fitting that we should 
consider the position in Africa, First of all the colour pattern 
referred to as sidet ” bj^ the Norwegians is seen throughout Africa 
ill native cattle types with the exception of the Afrikander. Accord¬ 
ing to Mr. F. N. Bonsnia (personal communication of 20.5.rib) who 
is investigating the genetics of Afrikander coloration the range 
varies from dark red, through blood red, light red, golden yellow, 
light yellow’ to white. 

As described by Professor Isaachsen, the coloured side markings 
in South Africa also may be absent in which case the cattle are 
white, although the skin is not necessarily pigmented. The pigmenta¬ 
tion varies from a uniform distribution to merely black points, c,g. 
teats, ears, muzzle and feet. In many cases on the body a flea-bitten 
appearance is seen. In Zululand the term “ sidet ” or sided is re¬ 
placed by the word “ Nkone ” and a beast may therefore be either 
a black or red “ Nkone ”. If there is no marked colour, c.r/. just a 
few grey hairs (speckled) or where the animal is decolored ” or 
white, it is said to be a “ nyoniaipumuli ”, This term, how’ever, 
Xjrobably arose [according to letter lf3/327(2) of 5.10.35 from 
Director of Native Agriculture to Director of Veterinary Rervicesl 
from the fact that such cattle were confiscated by the Zulu chief 
Cetewayo, since nyoniaipumuli ” means the bird that does not 
rest Although there seems to be a relationship betw^een ‘‘ nkone ” 
and ‘‘ nyoniaipumuli ” coloration, only the former pattern appeals 
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to the native, being recognised as a dominant colour and popular as 
far back as the days of Dingaan. It was this colour that was selected 
by Curson when visiting Zululand in December, 1935, with a view 
to purchasing Zulu cattle for a herd that has now been established 
at the Veterinary Research liaboratories, Onderstepoort. 

As is evident in the Afrikander, white need not necessarily be 
associated with a prior ‘‘ sidet ’’ pattern, but may exist inde¬ 
pendently. 


Jwnuiica and Trinidad.’^ 

Since in the Report on Cattle Breeding in the above islands 
Hammond (1932) describes c.ertain matters of interest also to veteri¬ 
narians in Africa, attention is drawn to the fact tliat in Jamaica 
four i)roblems were investigated. These were: — 

{a) The characters of the native stock and their capabilities 
of improvement by selection. 

(/>) The changes occurring in Europecan breeds after their 
introduction. 

(c) The characters and suitability of the Indian (Zebu) 
breeds, and 

{d) Methods of cross-breeding adopted. 

In regard to (5) he states “ there could be no doubt that degene- 
lative changes were occurring. These a])peared io le associated . . . 
with the feeding conditions ”, and ” Theie could be little doubt that 
European stock . . . gradually lost their type under these condi¬ 
tions and required continual impoHations to maintain their form and 
constitution. The causes for the degeneicative changes probably con¬ 
sist of a combination of factors, among which may be mentioned 
the following in order of importance: 

(1) Sub-lethal infections of tick fever {B. higemimim), 

(2) Lack of concentrated feeds and too much roughage. 

(3) Unwise selection of bulls. 

(4) Inbreeding, and 

(5) Disadvantage of long thick coat.. 

When it is explained that the native stock of the West Indies 
was imported originally from Europe and has in the course of a few 
centuries become adapted to tropical conditions, we in Africa should 
realise how much more fortunate we are in possessing cattle types 
which have not only existed on this Continent for thousands of years, 
but which have actually been evolved in Africa. 

Brazil. 

Thanks to the courtesy of the officials of the DepUirtment of 
Agriculture, Brazil, a reply to the Questionaire was received through 
the Department of External Affairs, Pretoria, which in turn had 
communicated with the British Embassy at Rio de Janeiro. 
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Of pai*ti(;ular interest to the African cattle owner is the fact 
that in South America, especially in Brazil, are Crioulo cattle which 
possess a skull not unlike that of the Hainitic Longhorn type, while 
the horns resemble very closely Ihe upright lyre-shaped horns of 
many Sanga cattle. 

The cattle of Brazil were derived about the middle of th lOth 
century (151^4) from chiefly Portugal and, as explained by Curson 
and Epstein (1984), Hamitic Longhorn stock was resiionsible not 
only for cattle of similar type, existing to-day in the Iberian Penin¬ 
sula, but also paitly (i.c. with the Lateral-horned Zebu or Afrikander) 
for the Sanga ty])e best represented in South Africa. 

In general conformation, however, there is a striking difference 
between the (8ioulo and the lyre-horned Sanga, namely in the pre¬ 
sence of a cervico-thoracic- muscular hum]) which the Sanga ac(]uired 
lioni its Ati'ikandei’ progenitor. So ])hotograj)h8 veie available from 
Brazil in regard to th<‘ Crioulo, but the following facts contained in 
the reply froni Bio de Janeiro are worth extracting:—“Of the 
several tyi)es or breeds (in Brazil) there are some which excel either 
by their qualities or by their numeiical or geographical distril)ution, 
c./y. (Viracu, Mocha, Crioulo and (birraleira. The Caracu and Mocha 
are carefully sele(‘ted and bied by the Federal Oovernment of the 
Sao Paulo State. The Crioulo type exists scattered all over the 
country from north to south. It is being ])reserved in many of the 
states in tlie hinterland outside the sphere of the exotic breeds which 
have been inqiorted. The Curraleira type still includes an appre¬ 
ciable number of cattle. The other types evolved lovallij are now 
only of historical importance. In fact their numbers are gradually 
diminishing and there is an increasing tendency towards their entire 
disa])pearance owing to cross-breeding with European breeds 
and Bon inihcKs, i,c, Shorthorned Zebu 

The other ty|)es just leferred to are the descendants of cattle 
introduced centuries ago by the Portiiguese from Portugal, Portu¬ 
guese (luinea, and India, and which in the course of time have 
degenerated. 

Of the cattle whose improvement is fostered by the State the 
Mocha is of interest to African workers, for it is stated by the 
Brazilian authorities to be a “ variacao espontanea do tipo crioulo 
Da Costa (1983), however, believes that the yellow polled Mocha 
cattle are of African origin, having been exported to Brazil from 
Portuguese West Africa in the early days of the settlement. As he 
exj)lains, a consignment would include polled cattle just as it would 
to-day. 


Ar(;cntin(\ 

The officials of the Argentine Department of Agriculture went 
to considerable trouble to furnish information regarding the cattle 
of their (iountry, but in the present article use will be made only of 
the data bearing on Crioulo cattle. The many photographs accom¬ 
panying their communication are not only interesting but useful. 
As before, correspondence was carried out through ihe Department 
of External Affairs and the British Embassy at Buenos Aires. 
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The following extracts concerning Crioulo cattle are of parti¬ 
cular interest. 

“ The Colonial Argentine Cattle, —On the arrival of the 
Spaniards in the La Plata territories in the IGth century the follow¬ 
ing species did not yet exist: bovines, equines, goats, sheep and 
swine. These domesticated animals were introduced by the first 
Spanish conquistadores. 

Originally the black Argentine “ criollo ” were the descendants 
(A the cattle which were brought by Colon to the Antilles and wliich 
were afterwards brought to Peru where they multiplied in an 
amassing manner. In 1543 Oeneral Francisco Aguirre introduced 
some black cattle from Chile and Lower Peru into Northern 
Argentine. 

The progeny of these were introduced in the littoral; the first 
lot consisting of seven cows and a bull was brought along by the 
expedition of Saiiabria which landed on the coast of Brazil, ft was 
transported to the bank of the Parana, opposite the Rio Monday 
whence it was embarked on a raft, which was run up the Parana as 
far as its confluence wdth the Rio Paraguay at Asuncion where it 
was landed in 1554. 

This first settlement of black cattle was shipped in the port of 
San Lucas by the pioneer planter of the Rio de la Plata, Don Juan 
de Sanabria. These animals belonged to the Andalusian breed ami 
were the origin of the present-day riches of Paraguay and of the 
Rio de la Plata. 

In 1573 there was introduce'd in Santa Fe by Don Juan de 
Garay another lot of black cattle, from the herd brought by General 
Caceres from the estancias of the pioneer of the Rio de la Plata, 
Don Juan Ortiz de Zarate. 


The Black ‘ Criollo Breed descended from the Andalvsiaris . 

The black cattle brought by the inoneers of the Rio de la Plata 
belong to the Andalusian or Iberian breed of Sanson. Its zoo- 
technical characteristics are as follows: osseous system greatly 
developed, large head and large horns, heavily built and very mode¬ 
rate eater. Its hide is variegated, coloured light, light brown or 
dark. It gives very little milk, but is useful as a producer of meat 
and for work. 


Zootech nical Characteristics of the Black ^ Criollo ’ Cattle, 

From the Andalusian cattle described above are descended the 
black ‘ criollo ’ cattle which present a few variations as regards 
their zootechnical characteristics resulting from the variety of 
circumstances, which have contributed to produce the ^ criollo ’’ 
variety which during the long colonial period has been 
one of the principal sources of wealth of the country by its produc¬ 
tion of meat and leather. 
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The zootechnical characteristics of the black Argentine 
^ criollo ’ cattle are as follows: adapts itself easily and breeds well. 
Its free life on the open plains during many centuries has given it 
characteristics of its own; it has massive bones (inherent in animals 
which travel great distances), and ow’ing to its life exjjosed to all the 
inclemencies of the weather its pelt is extraordinarily thick. It is 
of great rusticity and breeds and grows well on poor soil; it is even 
found in the hills and in the woods. It matures and fattens late, 
circumstan<*es which detract from its economic value. The ])laek 
‘ criollo ’ attains its maximum development after seven or eight years. 
It is principally used as a slaughter beast, its meat is considered very 
])alatable, but it is also used for w'ork and to produce milk, although 
the daily yield is seldom more than 5 litres. 


Presenf’dnij Types of Black ‘ Criollo ’ Cattle. 

The ‘ criollo ’ cal tie are still largely bred in many of the pro¬ 
vinces where there is little (diange in the grazing or where it improves 
but slowdy. It Jjas been observed as a general rule that the 
‘ criollo ’ cattle are slower in their develoj)ment in proportion as 
the pasture ijnproves. In the provim‘es in Avhich the grazing is very 
poor, the ‘ criollo ’ is rickety and has diminished in height. 

The pure ^ criollos ’ and the quarterbreds which are used for 
canned meat and extract of meat are called ‘ tipo saladero ’ and 
^ tij)o matadei’o ’ and yield on an average (clean meat): young bull 
JbO kilos or say d7 per cent.; <’OW’ 123 kilos or say 34 j)er cent. The 
weight of these animals on the hoof is as follows: young bulls 427 
kilos and cows 3o7 kilos. 

The ^ criollo ' (‘attle thrive w^ell both oif the plains and oii the 
highlands, on the slopes of the hills, in shrub-<*ountry and in the 
forests. They are hardy and can thrive on but little food. 

Since immemorial times they have been born and bred in country 
infected with ticks and they have acquired immunity from the bovine 
malaria known as ‘ tristeza ’ (melancholy). In the ])rovinces of 
Santa Fe, Entre llios, Corrientes, (kirdoba and Salta and in the 
teinitories of the (^haco, Formosa and Misiones, where licks transmit 
Aiiaplasmosis and Pir()])lasniosis, the ‘ criollo ’ cattle keep peifectly 
healthy wdiereas the imported European br(*eds die in great 
numbers 

The conformation of Crioulo cattle is seen in Figs. 80 and 87. 
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MISCELLANEOUS. Leaflets of 1926. Breeds of cattle in the Bombay 
Presidency. Dept, of Agr., Bombay. 

I. The Kankrej Breed of Gujerat. 

II. The Gir Breed of Cattle. 

III. The Sindhi or Red Karachi Cattle. 

IV. The Krishna Valley Breed. 

V. The Khillari Breed of Cattle. 

VI. The Thar Parkar Brood. 


CHAPTER IV. 


GENERAL CONCLUSION. 

Sin(te the Questionaire dealt essentially with African (;attle and 
only incidentally with cattle in certain countries outside Africa, it 
seems advisable to conclude by referring firstly to the position wutbin 
Africa and secondly to the position without Africa. 

(a) African Cattle. 

(1) While the replies 1o the Questionaire provide a proportion 
of the data presented, it is manifest that the scope of the investiga¬ 
tion W’as extended chiefly by including territories not originally 
circularised. In the vast majority of cases it was the veterinary 
officials who furnished the particulars required(®'‘). 

(2) Owing to the itiierval which has elapsed between the issue 
of the Questionaire and the completion of this compilation, much 
light has been throw^ii upon the subject of African Cattle Husbandry 
generally, c.//. origin, conformation and classification. This recent 
infoimation accordingly rules out certain questions which were 
asked in 19B1. A striking example is the territorial distribution of 
cattle types, a descri})tion of which was given in a paper at the 1985 
(September) meeting of the South African Veterinaiv Medical Asso¬ 
ciation [see JL S,A. Vet, Med As,w, YII (1) 1936].' 

(3) It was realised that the incorporation of information bearing 
on environmental features and production wwld l)e unsatisfactory. 
Not only were the replies in some instances silent in this respect, but 
in others, the details w^ere exceedingly meagre. 

(4) Accordingly it was felt that it would be best to concentrate 
upon a description of the cattle types and their distribution, but 
wdiere some feature referred to in the previous paragray)h had received 
s])ecial attention, e.fj. milk production by Anderson in Kenya, it 
w^as imduded. 

(•'^q Although entirely outside the scope of this investigation, it is note¬ 
worthy from the replies that the veterinarians trained in Latin-speaking 
countries oossesvs generally a more profound knowledge of Animal Husbandry 
(at least from an academic aspect) than those educated in English-speaking 
countries. Recent alterations in the curriculum of the British veterinary 
colleges in regard to this point are significant. 
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(5) Of the several methods possible to describe the distribution 
of the several types, it was decided to take the logical, namely the 
territories occurring along the various migration routes in their 
chronological order. 

(6) Where territories have been omitted, (\(), Italian and 
Spanish colonies, this is due to the absence of details, although in 
most cases it is possible to deduce the state of affairs. 

(7) There is little doubt but that originally all cattle, except 
the ancient Ilamitic Longhorn of Egypt, came from Asia. All 
migrations passed through North-East Africa, chiefly Egypt, except 
the Shorthorned Zel)u which was also ini rod need along the east' 
coast of Africa as far South as the Zambesi River. 

(8) The ])robable migration paths to and in Africa and the likely 
periods this o(*curred are shown in Map I. 

(9) The ])resent aiiproximate distribution is shown in Ma]) II, 
due allowance having been made for (xlossina and desert regions, 
<\(j, Sahara desert. 

(10) Of still greater iiniiortance would he a map indicating the 

ai)proximate numeri(‘al distribution of cattle such as ap])earing in 
Bosnian's (Uittlv Fonmiig in South In this case a dot 

represents 1,000 head of cattle in his Map 1. 

(11) Apart from the distribution having been indicated in Map 
IT, the position has been summarised at the end of the description 
of ea(*h migration, e.g. pp. 044-045 and 07‘.2-074. 

(12) Although only of secondary consideration the information 
presented in the (‘ontrilmtion may be helpful to anthropologists. 
l)art (1988) states that “ There is no more vital as])ect of anthro¬ 
pology than the study of domestic animals ”. It is therefore hoped 
from an anthropological aspect that the evidence afVoided by the 
migration routes and iiresent distribution will he at least as valuahle 
as that, derived from other bramdies of science, particularly the study 
of human types including cranial measurements, blood groups, 
languages, customs, utensils, etc. 

(18) A striking fact is that the Fremh authorities possess excel¬ 
lent text-books on the livestock of their colonies, whereas such in¬ 
formation concerning Britivsh territories is scattered throughout 
annual reports. 

(14) Investigation is required regarding the distribution of 
cattle types in West Africa and upon smdi matters as degeneration 
of horns (unassociated with grading up with Brachyceros) as 
described along the littoral of French Dahomey and in the Transkei, 
Union of South Africa (Thompson, 1982), genetics of coloration, 
hump, etc. 

(15) It is noteworthy that no veterinary department exists in 
either Gambia or Sierra Leone. 

(»5) Being South African Agricultural Series, No. 10, and published by 
the Central News Agency in 1932. 
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(16) This survey indicates that in addition to the three parent 
stocks (Hamitic Longhorn, Brachyceros and Lateral-horned Zebu) 
and the three derived types (Shorthorned Zebu, Sanga and Lyre¬ 
horned Zebu), there are possibly two other distinct derived types. 
These are both in West Africa and result from the intermixture of 
Brachyceros and Hamitic Longhorn in the one ease (Mandingo), 
and Brachyceros and the thoracic humped Zebu in the other. 

(17) Finally, the photographs leproduced constitute the most 
comprehensive set yet published. 

(h) Exi'ra-Afhican Cattle. 

Although the original intention of the Questionaire was to inves¬ 
tigate the relationship of certain African and extra-African cattle, 
based on conformation or coloration, recent independent observations, 
chiefly by Epstein, rule out the necessity of proceeding in this direc¬ 
tion. As a matter of interest, however, a resume has been given of 
the position in the countries concerned. 
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APPENDIX. 


Cattle jx)pulalions of the various African territories(®®): — 


Territory. 

Approximate No. of Cattle. 

Authority. 

Egypt . 1 

776,000 

Lc Pliie (1933). 

French North 

[Tunis . 

502,000 


Africa < 

Algeria . 

937,000 



[Morocco . 

2,092,000 



[Upper Velta.'] 

1 




Mauritania . 


{1,576,000) 



Niger . J 

1 



French West Africa 

Sudan. 

(IJflR.OOO) 



Senegal. 

(.‘19.1,000) 

,, 


Guinea. 




Ivory Goast. 




Dahomey. 

— 


Totat, for French 



Africa. 

.3,352,512 

French Minister, Pretoria. 



, Li'ttcr of 13 . 5 . .36 (for 1934). 

Clambia . 

— 


Sierra Lc<inc . 



Gold CoHHt . 

192,(H)0 

Ann. Vety. lipl., 1934-35. 

Nigeria . 

1 2,675,961 

Ann. Vety. Hpt.^ 1933. 

VortugucHc Guinea. ... 

1 62,(KK) 

Da Costa (1932). 


[Chad . 

1,451,(KK) 

Lc Plac (1933). 


fIn.mHrrwtns.. 

645,(H)0 


French Ecpiatorial < 

Gabon . '' 

1 


Africa 

Middle (-ongo . 

!■ 

4,000 


1 

lUbangi Shari . J 

1 



Abyssinia . 

ir>,(MK),000 (?) 

Encyclo]>aedia BrdahHivn. 

Anglo-Egyptian Sudan 

1,300,0(K) 

Le Plae (1933). 

Uganda . 

2,151,(XK) 

Ann. Vety. Rpt.^ 1934. 

Kenya. 

.5,191,000 

Le V\(tv (1933). 

Tanganyika. 

5,170,162 

Ann. Vety. Hpt., 1930. 

Belgian (^ongo. 


Le Plae (19.33). 

Angola. 

1,5(M),000 

Da Costa (1933). 

Northern Rhodesia.,. 

522,69.3 

Ann. Vety. Rpt., 1934. 

Nyasaland. 

190,381 

Letter of 3.7.36 from S.V.O., 

South-West Africa Pro- 

8.54,899 

te('torato 


Windhoek (for 1935). 

Bechuanaland Protec- 

1.300,000 

Letter of 18.6,36 from C.V.O., 

torate 


Mafeking (for 1934). 

Basutt*laiid. 

350,000 

— 

Swaziland. 

450,000 

— 

Southern Rh(Kle8ia.... 

2,716,762 

Ann. Vety. Rpt.^ 1934. 

Mozambi<jue. 

519,149 

Botelho (1933). 

Union of South Africa 

9,986,630 

Min. of 9.7.36 from Director of 



Census (figures for 31.8.34). 



(»,) 



In addition to the blanks below, no details are available with regard 
to territories not included in the Appendix, c.f?. Spanish Morocco, Ilio de Oro 
Spanish Guinea, Liberia, Libya, 'Eritrea, and both Ilritish and Italian Somali¬ 
land. 

See footnote 17. 
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ILLUSTRATIONS.^ 

Egypt. 




Fig. 1.* Original Hamitic Longhorn cattle. 




Fig. 2.* Ancient cattle of Bracliyceros type. 

* Photographs received along with replies to Questionnaire. The source 
(either photographer or sender) in other cases is indicated by name. 

692 

















H. H. CURSON AND R. W. THORNTON. 



ZEBU CATTLE OF THIRTY-FIVE 
CENTURIES AGO 


Fig. 3. The original Longhorned Zebu (now Afrikander). (Steginann v. 
Pritzwald, 1924.) 
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t'ig. 6.* Damietta bull, Lower Egypt. 



Fig. 6.^ Damietta cow, Lower Egypt. 
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Fig. 7.* lialadi boll, Lower Fgypt. 


Fig. 8.* Baladi cow, Lower Egypt. 
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Fig. 10.* Saiidi cow, Upper Egypt. 







11. tl. AND R. W. THORNTON. 



J Marriouti bull of the desert 



Fig. 12.* Marriouti cow of the desert 
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THE STUDY OF AFEICAN NATIVE CATTIE. 


French North Africa. 



Fig. 13. Tunisian bull [Sninfc-Hilairo, Tl, G. (1019), l^latc XIX]. 



Fig. 14. Tunisian cow [Saint-Hilaire, IJ. 0. (1919), Plate XIX.] 
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n. H. ccnsoN and e. w. thoenton. 



Fig. 15.* Algerian Cheurfa bull (Service de I’Klevage du Constantine). 




Fig. 16. Algerian Onelma bull [Saint Hilaire, H G. (1919), Plate XVIIl]. 
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THE STUDY OE AEEICAN NAITVE CATIUE. 



Fij;. 17 • Mgonan Guehiia co« (Servu-e de I’Elev.ige du Constantine) 



Fig. 18. Moroccan bull [Samt-Hilaire. H. G. (191»), Plate XAl]. 
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11. II. CURSON AND 11. W. THORNTON. 



Fig 19. Moroc(an cow [Saint-Hilaire, H G (1919), Platt' XXI]. 


Fbbnch West Africa (2) 



Fig. 20. The Peullie or Gobra Zebu (L,^ re-hoi ned Zebu) Notice the thoracic 
hump and lyre-shaped horns. The appearance strongly suggests 
Hninitic Longhorn influence. (Pierre, Plate X.) 


(*) As Brachvceros cattle are shown in Figs. l.‘l-19, there is no need to 
illustrate the type as occurring in West Africa. See Epstein (1934), Pierre 
(1906), ani Henderson (1929^ 
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Fig 21 The ]Mt)onsli or Gabaruy^ Zebu (Lyre-horned), possessing the same 
general leatuies of the Peulhe Zebu (Piene, Plate X ) 



Fig. 22 The Nigerian or Foulb^ Zebu The Hamitic Longhorn features are 
less evident than in Figs 20 and 21. (Pieire, Plate XI) 
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H. H. CURSON AND R. W. THORNTON. 



Fig. 23. The Fogha Zebu, apparent!}" the sub-type showing most markedly 
the characteristics generally recognised as those of the Short- 
liorned Zebu. (Pierre, Plate XIV.) 



Fig. 24. A Bambara or Mande bull, described by Pierre as resulting from the 
Zebu-Brachyceros cross but apparently a representative of the 
Sanga type. (Pierre, Plate XilJ.) Notice the cervico-thoracie 
hump. 
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Fig. 25. A Bambara or Mande cow Notice tht* cervico-thoracic hump of 
the Sanga. (Pierre, Plate Xfll ) 



Fig. 26. A Djakor^ or Senegalese ox which resembles very closely many Sanga 
cattle, e.{7. Bochuana. Through the head being lowered the 
cervico-thoracic hump is not evident. (Pierre considers this a 
cross between the Zebu and Brachyceros). (Pierre, Plate XIV.) 
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H. H rVllSON AND H W JHOENION. 


lilBEBIA 



Fig 27 \ Mandingo ((v\ of West Afiici (F'lg Johnston) This figure 

suggests a b( ist of llaniitK Longhoin origin, le assuming 
tluie IS no hump 



Pig 28. Another view of a Mandingo low, Libeiia (Fig J26, Johnston) 
The horns aie long and lyre-shaped and there is no hump 
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THE STUDY OF AFRICAN NATIVE CATTLE. 


Gold Coast 



Fig. 29. Zebu bull. Gold Coast. Homs aie uot typical either oi Lateral-homed 
or Snorthorned Zebu. {Annual liepott. VetennaDi Department 
1929-30 Gold Coast.) 



Fig. 30. A calf resulting from the cross between a Shorthorned Zebu bull 
and Brachyceros cow. Notice the hump, the situation and 
nature of which it is difficult to determine from the illustration. 
{Annual Report, Veterinary Depaitment, 1929-80. Gold Coast.) 
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Nigeria. 



Fig. 31. The Lyre-horned Zebu of Nigeria Notice the thoracic and musculo- 
fatty hump, Ij^re-shaped horns and well-marked dewlap {Annual 
liepoit, Vetennan/ J)epattm(ni, 192G ) 



Fig. 82. A White Fulani (Lyre-horned Zebu) bull photographed at Maidontoro 
near Vom on 12.1.1927. (Dr, P. J. du Toit.) 


15 
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iirh siruY or ai iucan ^aiivk caitle. 



Fig. .‘i3. ji\ H' tioriiod (KimI Ktilnni) /<dMi cattlo photofiinn load horn 
lljidoijci to Kano on 1H.L1927. (Di. P. J. du Toit.) 



Fij: dl * L.viehnnod Zebu, Sokoto-t.N pe, Nigeiia 
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TllK SrUDY OI-' AFRICAN XAriVE CATTJ.E. 


Vv. WIM. 



Fig. 37.*^ lied ."Vnlxolo cattle at Koja Kxpc'riinotital Farm. 



Fig. 38.* Typical Unyororo cattle of Sanga type at Koja Experiment Farm. 
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II. 11. CU'KSON AND R. W. THORNTON. 





Fig. 30.* A typical Shorthorned Zebu bull from Eastern Province. 



Fig. 40.* A typical Shorthorned Zebu cow from Eastern Province. 
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TIIK STUDY Ol-' .\TJtlC\N XATIVK C'ATTDK. 


Kenya. 



Fig. 4].* Nandi bull, rod 
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Fig. 4.T. North MaviU hull from l.aikipm. (.T. R. HucKor. .\I.I! ('V.S.) 



Fig. 44.* Masai cow. 


Tia 






THE STUDY OF AFJllCAJS XAJTVE (BATTLE. 



Fig. 45.* Aknmbu cow 


DfiiGiAN Congo 



Fig. 46. Wiidai Dinka bull. Taken from Le Plae’s Organisation et Exploita* 
fton des Klcvages an Oongo Jielgc (1933), Fig. 32, p. 91. 


714 












II. II CL’KSON AM) If. W. niOKNTON, 



Fig. 47. W’adai-Dinka iaill. Tak(Mi Ir.')ni t)io same source. Fig. 33, p. 91. Note 
it) each case the short bioad forehead and the eervieo-thoracic 
hump. 



Fig. 4S. A Lugwaret bull taken from Le Plae’s work, being Fig 40, p. 99. 
Observ’o thoracic hump. 
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THE STUDY OF AMIICAX NATIVE CATTl-K. 



Fig. 49. Cow of Sangji typo imni Chief Bhikwsi’s herd (west of link(‘ AUkmO. 

Lo Pine, Fig. 20, p. 82. Apart iroin the dewlap, which is wi*ll 
de\eloped due to ShorthonuMl Zebu influence, the (‘o\v is no 
diflenoiT in conformation to saiiga cattle in Soutli Africa. 



Fig 50 Kivii (Sanga) hull, polled. From Carher's paper “ l/Klevage ai> 
Kivu {TiulL Agric, du Congo Bclgcy Sept., 1912, Fig. 610, 
p. 753). 
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II. II. (TIISON AND R. W. I'llORNTON. 



Fi<4. ol. Kivu (Saiij^a) oow, polled. From same source, Fiiz. olo. )i. 7o3. 



Fig. »52. Kivu (Snnga) bull, with medium hol•n^. Aliliough ot Snuga tvpe 
there is an admi\ture of ^Jiorthorned Zebu judging iioiii profile. 
From Carlier’.s paper in tlie December, 1912, issue ot the BnlL 
Afii'iv. (ill ('oiKjo lirlfjr, Fig. o2S. 
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THE STUDY OF AFRICAN NATIVE (’ATJ’I.I. 



Fig. 53. Kivu (Sanga) cow, wjth medium horns From IhiU. Aar. ihi (loiigo 
Beige, Dec., 1912, Fig. 529. 



Fig. 54. Cattle from Ruanda-Urundi of Sanga type. Photo of 60 c. red 
postage stamp of Belgian Congo issued 1926. Note giant horns. 
It will be observed that the hump of the beast on the right is 
prominent, but this is not the case in Sanga cattle when grazing. 
This appearance of the hump is seen only in Zebus with a 
thoracic hump. 
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II. II. CUllSON AND II. W. TIIOIINTON. 



Fig. 5*) Another view of Knaiid i-Uruiuli cattle, the so-called sacred cattle 
“ du troupeau dos Nyenibos du roi du Unanda ”. From Fig. 1 
frontisj)ieee ol Le Plae’s woik. 


Tanganyika. 



Fig. 6G. Ankole (Sanga) bull Irom Bukoba. Top of shoulder, 52 in.; girth, 
08 in.; weight, 850 lb. (F. J. McCall, M.R.C.V.S. Ana, lipt, 
for 1926.) 
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Fig. oT. Aiikolo (Sanga) cow and calf under good management. (H. E. 
Hornl.y, F.K.C.V.S.—his L/18/7 of 2.8.3.J.) 
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Shorthorned Zehn (Golden Dnn Mkalania) hull, Pngn Poad. 2 years. 
Beliiiid shoulder, in.: | 2 ;irtli. Go in., weight, 000 Ih. (F. J. 
MrCall, M.Tl.C.V.S. Ttpf. for 1920.) 






THE STUDY OF AFRICAN NATIVE CATTf E. 



Fig. 59, Shorthorned Zebu (Masai Ugogo) cow and calf, Pugu Road. Height 
at top of hump, 46 in.; height behind hump, 42 in.; girth, 
61J in. (F. J. McCall, M.R.C.V.S. Id.) 
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Northern Rhodesia.(3) 



Fig. 60. Harotso (Sanga) oxen from Zambesi Valley. Note cervico-thoraeic 
hump as well as giant horns. (H. S. Purchase, M.R.C.V.S.) 



Fig. 61. Baila (Sanga) cow from Mazabuka. Note sturdy build. (R. A. S. 
McDonald, M.R.C.V.S.) 

(*'*) For cattle of Bechuana sub-type see Figs. 67-70. 
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Tllk STUDY OK M’HK’AN NATIVK <‘\MIK 



Fi<?. 02. Sliortliorncd Zebu (Angoiii) cow from Fort .lameson. Note lyre- 

horns whieli are not common in Fast Airiea as compared with 
West Africa. (K. T. Nilsen, Jl.V.Sc.) 


, Nvasai.^no. 



Fig. 03. Shorthorned Zebu cow from Nchen. (S. G. Wilson, M.R.C.V.S.) 
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South Wkht Africa Proikctoiimk. 



Fig. 65.* Ovambo (Sanga) cows. 
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THE SrUDY OF AFRICAN NATIVE CATTLE. 



Fig. ()(). Ovambo (Snnga) cows. (T. Meyer.) 


BeCHUANALAND PRUTtCTOllAlE. 



Fig. 67. Uocluuina-Batawana (Sanga) buU, near Maun. (H. H. Curson.) 
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TI. II. CURSON AND R. W. THORNTON. 



Fig. 68. Be(}iiiana-H}ita\vna-(^Sanga) cow, icd roan, west of Taoge UiM^r, near 
Namaseri. Horns are of Ankole type. (H. H. Curson.) 



Fig. 69. Bocliuana-Batawaiia-(Sanga) ox vritli horns directed laterally as in 
Afrikander. From tip to tip along horns and across head 10 
feet. From tip to tip across 8 ft. 6 in. (Star, Johannesburg, 
8 . 6 . 19 : 15 .) 




IHK SiU)Y OK M l{[( \N .NVilVI* (Mill 



70, ]{t(]incma-Batciwan<i-(San«a) o\cn and bull. (AIiss \\ilman, 
McGioj^oi Mus(*uni, KiiihkmI^.v ) 



Fig 71. Nganniand ovpcrt trade to Northern Ithodesia, Batawana cattle 
being taken across Zambesi River at Kazungulii, February, 
1931. (H. H. Curson.) 
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«. n CURSON ANIJ R. \V. TllORNTOX. 



Fij?. 72. Map of NKamiland and Chobo Districts of Pochnanaland Protectorate. 
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THE STUDY OF AFKICAN NATIVE CAT'l’LE. 



Fig. 74. Makalanga (ftanga) cow, black, taken at Mr. Goosen’s farm near 
Messina, Transvaal, Easter, 1930. (H. H. Cnrson.) 











H. H. CURSOR AND R. \V. THORNTON. 


Mozambiqub. 



Fig. 75. Snnga bull lr«mi Mtigutb\ near Louivnco Marcjues. (Dr. C. Sbeppanl 
(h*uz). Dr. Sliejipard Cruz makes the following comment : 
“ iS’oto compact body and short and thick limhs, Inunji abso¬ 
lutely similar to that of the hulls ot th(‘ Italian Faenza breed, 
which belongs also to the Jios in urns asiaHnis, that is to say, 
not so pendulous and detached as that of the Zebu bull or that 
of the Afrikander bull; its dewlap of medium size, and quite 
diffenmt to that of the Afrikander or Zebu ; its profile relatively 
r(‘ctilineal (in all tlit* breeds masculinity tends to make the front 
line mon* convex, even in animals with a rectilineal profile); 
th(‘ horns an* the sanu* type as those of tin* cov\, but shorter 
and thick(*r. Phe cranium is square* and the face short.” 



Fig. 76. Sanga cow from Magude, near Lourenco Marques. (Dr. C. Sheppard 
Cruz). The classification followed in this paper is not necessarily 
accepted by others, e.g. Dr. Sheppard Fruz’s remarks on this 
photo are “ doubtless a specimen of the Bos fnnrus asiaticus 
or Bos dfsrrtornm (FitzingtT) or “ Stepperind (Hrehm) The 
forehead is flat and the profile is actually concave. 
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H. H. CURSON AND R. W. THORNTON. 



. 7'S. “ Ri'imih ” Afnkandt'r cow. Vnncrsity ol l*r(doria. Jii 

1929, nearly ten years. (Tniisiiali\ straight in back aiul some¬ 
what straight in the hocks. (H. IJ. CUirson.) 



Fig. 79. Zulu (Sanga) bull from Somkcle. (IJ. H. Chirson.) 









THE STUDY OF AFRICAN NATIVE CATTLE. 



Fig. 80. Zulu (Sanga) cow. Tlio white colour with pigmented skin is not 
uncommon. These cattle are known to the Zulus as Nvoniainu- 
muli (J. Papert.) ‘ 



Fig. 81. Zulu (Sanga) bull. Thu striking colour is known as Black “ Nkone 
(T. Meyer.) 
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II. II. ( riiSON AND R. W. THORNTON. 



Fig. 82. Zulu (Sanga) cow. ('I. ]Mc;ser.) 


Fxtra Akiucan C\ttle. 



ig. 83.* Cow of Thar Parkar breed found in South Sindh, Bombay. A good 
dual purpose beast and resembling the Shortliorned Zebu of 
East Africa in conformation. 
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Fip;. Fjallras hull, Sweden. This polled mountain brood althoimli of 
different type to the “ Sidet ” cattle of Alrica (r.f;. Zulu and 
Nigerian) has similar coloration chiiractcnstics. 



Fig. SA.* Fjallras cow, Sweden. Note the areas of pigmentation. 
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^0.* Cnoiilo ON, Ariiootinc. The coiitoniiation esj)eeially of the sknll 
leseinhlt's some ol tlu' San^jca snh-types ot Afriea. 'I'he t'xplaaa- 
tioii is that both are derived ironi the f)n^inal Hamitie Long¬ 
horn stock ol North Africa. T1 h‘ anterior hnmp gcmeralls seen 
in Sanga cattle is ahst^nt. 



Kig 87.* Another view of a Crioulo ox, Argentine. 
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THE STUDY OF AFRICAN NATIVE CATTLE 


Maps. 


PROBABLE MIGRATION ROUTES 
(a) TO and IbJ IN AFRICA 



Domeaiication of Haaitic longhorn in Egypt c. 4000*3000 B.C. 

Migrations ^ Africa. Migrations ^ Africa. 

(Approximate arrirnlJ (Probable eoaaencemantJ 


-Brachyceros c. 2000 B.C, 

. Lateral Horned 2ebu 

(Afrikander] c. 1000 B.C. 
»••••• Short horned Zebu c. 100>1800 A.Ot 


1. Haaftic Longhorn c. 2000 

2. Brachyceroa c. 1300 B.C. 

3. Lateral Horned Zebu e. 300 B.C.-.*** 

4 & 3. Bangs c. 1 B.C* — 

6, Shorlhorned Zebu c, 500 A.D 


J. Probahlr migration routos (a) to and (h) in Africa prior to tho’ 
Kiiropeaii settlement at the Cape of Good Hope (1652). 
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AFRICA 



J1. Approximate distribution of cattle types in Africa, 
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